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Amplifiers 


USSR UDC 621.375.049.77 


EFFECT OF PARAMETER VARIANCE IN MATCHING CIRCUITS AND IN ACTIVE STAGES ON 
THE PERFORMANCE OF BALANCED AMPLIFIcRS BUILT WITH HYBRID CIRCUIT INTEGRA- 
TION 


Moscow RADLOTEKHNIKA in Russian Vol 35 No 1, Jan 80 pp 90-93 manuscript 
received 25 Feb 79 


PETROV, G. V. 


[Abstract] Balanced amplifiers built with hybrid circuit integration of 
microstriplines for microwave equipment have better performance indicators, 
namely a less nonlinear phase-frequency characteristic and a wider dynamic 
range, than single amplifiers. A balanced amplifier consists of two 
single amplifier branches in parallel between two resistively loaded 
directional couplers. Each amplifier branch consists of transistor 

stages between a matching circuit at the input end and a matching circuit 
at the output end. From the standpoin. of designing such a balanced 
amplifier, the effect of variance of components on the overall performance 
is analyzed here on the basis of catalog and test data. The parameters 

of active elements in the transistor stages and the effect of their 
variance are evaluated in terms of coefficients of the scattering matrix. 
The parameters of passive elements in the matching circuits and the effect 
of their variance are evaluated according to the mathematical theory of 
sensitivity. The critical performance parameters of an amplifier are its 
power gain, noise factor, input and output standing-wave ratios, and phase 
of its transfer function. An analysis of numerical data for a device 
operating with typical components in the 2-3 GHz frequency band indicates 
that a balanced amplifier requires trimming, preferably in the matching 
circuits. Components of the matching circuits are most sensitive to 
amplifier performance requirements, while the phase-frequency characteristic 
of a balanced amplifier is found to be least sensitive to variance of 
transistor parameters. Figures 4; tables 4; references: 6 Russian. 
[156-2415] 














USSR UDC 621.375.1 


INSTABILITY OF AMPLITUDE CHARACTERISTICS OF REFLEX REGENERATIVE AMPLIFIERS 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 1l, Nov 79 
pp 2370-2373 manuscript received 26 Apr 78 


TEKSHEV, V. B. 


[Abstract] The sensitivity of the operating characteristics of regenera- 
tive amplifiers to the influence of destabilizing factors is greater than 
that of other microwave components in a radio receiving channel. A 

study is mace here of the instability of the characteristics of regenera- 
tive amplifiers in the strong signal region. On the basis of a descrip- 
tion of the matching circuit of a reflex regenerative amplifier connected 
between a circulator with conductance G,. and an active nonlinear con- 
ductance of Gne(U), where U is the amplitude of the sinusoidal voltage 

of the signal in the terminals of the nonlinear element (NE), where this 
nonlinear conductance is normalized by scattering matrix [S], with the 
admittance in the input and output equaling respectively G,, and |G,.(0)| , 
the regenerative amplifier is represented by the system of equations: 

[b] = [S][a] and F(a,, bos Ky s+++sk)) = 0, where [a] and [b] represent 
respectively natrices of the complex amplitudes of the incident and re- 
flected waves, subscript "1" refers to the input of the matching circuit 
at the circulator end, subscript '"2"' to the output at the nonlinear 
element end, and the second equation describes the properties of a non- 
linear element with certain unknown parameters kj,...,k,. The instability 
of tne voltage transmission coefficient with regard to a change in 

element parameter x is characterized by the amount of sensitivity, taking 
into account its dependence on the power of the signal in the regenerative 
amplifier's input. An equation for instability is derived in which no 
restrictions are imposed on the type of matching circuit. For the pur- 
pose of practical utilization of this equation, two cases are discussed: 
1) When altered parameter x characterizes the properties of the nonlinear 
element, and 2) when x is a parameter of an element of the matching cir- 
cuit. Regarded as most unstable are the parameters of an active nonlinear 
element under the influence of destabilizing factors. Equations are 
obtained for the sensitivity of the transmission coefficient to a change 
in the low-signal conductance of the nonlinear element for two types of 
oscillating characteristics. An equation is found for calculating the 
sensitivity of the characteristics of a regenerative amplifier to a 

change in parameters of elements of the matching circuit. Equations are 
derived which determine in parametric form the sensitivity of the char- 
acteristics of a regenerative amplifier operating in the strong signal 
region to a change in any element of the amplifier. Particular equations 
are derived for a reactive matching circuit, which is most interesting 




















from the practical standpoint. The results are given of a calculation for 
@ regenerative amplifier with a low-signal transmission coefficient of 

15 dB, with matching circuits with specific parameters. The procedure 
suggested for analyzing the sensitivity of the characteristics of a 
regenerative amplifier over a broad dynamic range of the signal makes it 
possible to determine the parameters of a regenerative amplifier matching 
circuit which is optimal with respect to specific characteristics, as well 
as to determine the permissible deviation in parameters of elements in 
keeping with the predetermined instability of amplitude characteristics. 
Figures 3; references: 2 Russian. 

[97-8831] 














Antennas 


USSR UDC 621.373.12 


INTERLOCKING OF SELF-EXCITED OSCILLATORS OPERATING WITH COUPLED RADIATING 
ELEMENTS 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 11, Nov 79 
pp 2254-2261 manuscript received 14 Jul 78 


DVORNIKOV, A. A., UTKIN, G. M. and CHUKC” .M. 


[Abstract] The results are given of an investigation of very simple 
self-oscillating active phased antenna arrays in which for the purpose of 
phasing is employed the intercoupling of the radiating elements on which 
the self-excited oscillators act directly. A self-oscillating active 
phased antenna array is based on the ability to synchronize and thus to 
phase the self-oscillating modules of the system in one way of another. 
The employment of the principle described here ma*er it possible con~ 
siderably to simplify the design of these arrays, si.ce it is possible 

to eliminate an additional synchronization channel netwerk. The analysis 
concentrates on systems of single-loop self-excited osci. .tors which are 
interlocked at the fundamental tone. In these system over2ll inter- 
coupling takes place through the total field of radiation ot the radiating 
elements. Abbreviated equations are derived for a system of n identical 
single-loop self-excited oscillators with a slight frequency difference 
between one another. It is assumed that each self-excited oscillator is 
coupled with a radiating element through a coupling capacitor whose 
capacitance is substantially lower than the capacitance of the self-excited 
oscillator's resonator. It is also assumed that all radiating elements 
are identical and that their resonance properties are considerably worse 
than those of the circuits of the self-excited oscillators. As a result, 
it is possible to write abbreviated equations for the slowly varying 
amplitude, U;,, and phase, 9 > of the voltage, u,, of the k-th self-excited 
oscillator. These abbreviated equations makes it possible to study all 
possible steady-state modes of the system and the conditions for their 
stability. A block diagram is given of the system discussed, as well as 
a circuit diagram of an individual self-excited oscillator. Discussed in 
detail are the case of two and of three self-excited oscillators. The 
stability of modes is investigated in terms of the relative distance 
between infinitely thin half-wave dipoles. It is shown that ranges of 
distances exist in which both the in-phase and out-of-phase mode can be 
stable. A graphic illustration is given of the dependence of the power 
radiated by the system on the relative frequency difference of self- 
excited oscillators. Directivity diagrams are given for a system of two 
radiating self-excited oscillators and for a system of two active and one 
passive radiating elements. The region of stability is shown for the 
in-phase operating mode of a system of three radiating self-excited 
oscillators. Figures 8; references 10: 9 Russian; 1 Western. 

[97-8831] 

















USSR UDC 621.391.82:621.3.029.4 
RADIOTECHNICAL ASPECTS OF THE PROBLEM OF RECEPTION OF GRAVITATIONAL WAVES 


Moscow RADIOTEKHNIKA in Russian Vol 35 No 1, Jan 80 pp 6-12 manuscript 
received 4 Jan 79 


GERTSENSHTEYN, M. YE. and LEVINZON, F. A. 


[Abstract] The problem of detecting gravitational waves of cosmic origin 
with various kinds of massive mechanical oscillator antennas is analyzed 
in radiotechnical terms. Accordingly, the performance of such an oscilla- 
tor is described by the Einstein equivalent of the Maxwell electromagnetic 
field equations for a weak gravitational field and on the basis of an 
equivalent electrical circuit diagram. The receiver is assumed to in- 
clude first a parametric 2- or 3-frequency converter, a capacitive trans-~- 
ducer or a laser interferometer being typical examples of the latter kind, 
and then a system for recording the electrical oscillations. The receiver 
must be highly sensitive in the low-frequency range and have adequate 
noise suppression. Noise suppression by self-adaptive compensation, using 
correlational feedback with an auxiliary reference channel along the main 
channel, is preferable to antiseismic filters and shielding from industrial 
interference. Such a system also facilitates subsequent signal processing 
much more expediently than a conventional rejection filter would. The 
requirements a reference oscillator must satisfy, with regard to phase 
stability, are furthermore shown to be quite realistic. Figures 4; 
ceferences 50: 32 Russian; 18 Western. 

[156-2415] 


USSR UDC 621.396.677.832 
DIRECTIONAL CHARACTERISTICS OF A V-ANTENNA 


Moscow RADIOTEKHNIKA in Russian Vol 35 No 1, Jan 80 pp 72-75 manuscript 
received 13 Jul 79 


SALAH, A. K., Republic of Iraq 


[Abstract] A V-antenna is considered and the dependence of its radiation 
pattern in various planes on the reflector dimensions is analyzed. The 
two reflector plates of height h and width L are assumed to form a 90” 
angle, with the radiator in the form of a symmetric vibrator of height 

21g located inside in the bisecting plane paraliel to and at a distance 

b — the edge of the dihedral angle. The directional characteristics 
of such an antenna are calculated according to the geometrical theory 








of diffraction, with the radiator replaced by an array of elementary 
electric oscillators. Only direct primary raye and 16 groups of rays 
variously reflected by the plates or diffracted by their free edges 
significantly contribute to the electric field of the entenna. Calcula- 
tions disregarding all other raye show that the radiation pattern in the 
far field in any plane intersecting the common edge of both reflector 
plates depends on the angle this plane forme with this edge as well as on 
the width L of the plates. Furthermore, as distance b from the radiator 
to that edge increases from smaller than a quarter wavelength to larger 
than a half wavelength, a change in plate height h first does not affect 
but then gradually more appreciably affects the radiation pattern. The 
accuracy of thie method was checked against calculations for the radia- 
tion pattern in a plane normal to the common edge of the reflector plates. 


Figures 5; references 8: 5 Russian: 3 Western. 
[156-2415] 








Certain Aspects of Computers; Control, Automation, 
Telemechanice and Machine Designing 


USSR UDC 621.3.0469.77.001,2 


HIERARCHICAL PROCEDURE FOR LAYING OUT THE COMPONENTS OF RADIOELECTRONIC 
DEVICES IN SMALLEST GROUPS 


Moscow RADIOTEKHNIKA in Russian Vol 35 No 1, Jan 80 pp 25-28 manuscript 
received 5 Jul 79 


TOPOL 'SKIY, N. G. and NOSKOV, V. P. 


[Abstract] Computer-aided engineering design of automation systems involves 
packaging and layout of the components as well as routing of the connec- 
tions. The optimum layout on a large-scale integration substrate is one 
with the minimum total length of interconnections. Here a method is 

shown of finding the optimum layout through limited sorting of possible 
variants. It is based on the “smallest groups of components" principle 

of subassembly and is essentially hierachical. A theorem is proved 
analytically, with the aid of several special definitions, which renders 
this method valid in the case of linear layout but which can also ve 
extended to two-aimensional layout on a board and three-dimensional layout. 
The method is demonstrated on directional sorting which is not complete 
but only seeks the smallest groups of (i- 1)th rank in the i-th layout 
step. Figures 4; references 3: 2 Russian; 1 Western. 

[156-2415] 




















Certain Aspects of Photography, Motion Pictures 
and .elevision 


USSR UDC 621.397.2 
DISCRETE AND CONTINUOUS LINEAR FILTERING OF A STEADY VIDEO PULSE LEVEL 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 11, Nov 79 
pp 2278-2289 manuscript received 29 Dec 78 


DVORKOVICH, V. P. 


[Abetract}) The optimal filtering of a steady video pulse level is dis- 
cussed, a rroblem which arises in measuring the range of video pulses 
vhen steady values of these pulses are t ansmitted tn the presence of 
‘luctuation noise. It is assumed that at the peak of a video pulse there 
le an interval of length T in which the level of the signal is steady. 
The fluctuation noise combined additively with the video pulse does not 
have a steady component. During interval 04 t € T the process can be 
represented in the form y(t) = C +§(t), where C =m {n(t)} is the 
mathematical expectation of the process -haracterizing the level of the 
video pulse in the processing region, aud M, {n(t)} = M, {& (t)} = 


m, fé (t)} <6? and m, J (t)} = € are respectively the variance and 
mathematical expectation of the fluctuation noise, € (t). Am equation is 
presented for the noise's variance in a clase of linear transformations 
in digital averaging of correlated discrete readings with a fixed amount 
of sampling. The conditions are arrived at for the optimal discrete 
linear filtering of a signal during interval T. The conditions are 
arrived at for the optimal continuous linear filtering of a steady video 
pulse level during interval T. The key parameter involved here is jp , 
characterizing the reduction in the noise's variance as a result of con- 
tinuous linear filtering. Equations are derived which characterize the 
parameters of optimal discrete and continuous converters for noise with 
differing spectral power density. Structural diagrams are presented for 
designing an optimal filter for different cases of the noise's spectral 
power density. An expression is arrived at for the amount of the optimal 
reduction in the noise's variance in discrete conversion of the signal. 
An equation is given for determining the equivalent frequency characteris- 
tic of an optimal continuous converter. Curves are presented, illustrating 
the dependence of optimal reduction of the noise's variance on the length 
of the signal processing interval with different values of the noise's 
spectral power density. It is shown that the value of J can be lowered 
in proportion to how great a part of the noise's spectral power is con- 
centrated in the low-frequency region. With a noise spectrum of limited 
range, its variance can be reduced considerably by the optimal summation 
of even derivatives of the noise. It is demonstrated that for the purpose 
of improving the accuracy of determining the range of video pulses in 

the presence of fluctuation noise with a limited spectrum it is necessary 
to employ special signals having in the processing region the maximum 
possible number of even derivatives equal to zero. Equations are derived 
which characterize the parameters of linear conversion by means of the 
optimal summation of even derivatives of the noise for cases when its 
spectrum is uniform and of the delta type. Figures 5; references: 6 
Russian. 

[97-8831] 











Communications, Communication Equipment, Networks, 
Radiophysics, Data Transmission and Processing 


USSR UDC 537.86:519 


RECEPTION OF A DISCONTINUOUS RADIO SIGNAL AGAINST A BACKGROUND OF WHITE 
NOISE 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 11, Nov 79 
pp 2226-2234 manuscript received 15 Nov 77 


TRIFONOV, A. P. 


[Abstract] The method of maximum plausibility is often employed for the 
purpose of detecting radio signals containing unknown parameters and for 
estimating these parameters, and the equipment implementing this method 
is called a maximum-plausibility receiver. Here approximate expressions 
are found for the characteristics of a maximum-plausibility receiver in 
the incoherent reception of a discontinuous radio signal with an unknown 
non-energy parameter. The output signal of a maximum-plausibility 
receiver is analyzed on the basis of the random process in the form of 
Gaussian white noise entering the receiver's input. An equation is 
derived which defines the asymptotic behavior of the distribution function 
of the absolute maximum of the noise in the output of a maximum-plausi- 
bility receiver. A theoretical discussion is given of detection of the 
radio signal. On the aasumption that a useful signal is present in the 
receiver's output, a determination is made of the probability of absence 
of a signal. The noise in the output of a maximum-plausibility receiver 
is a steady-state process. The general equations obtained are made 
specific for the detection of a narrowband radio pulse with a square 
envelope and an unknown time state. A direct comparison is made of the 
probability of error in the detection of a signal with a known and unknown 
time state. This makes it possible to estimate the influence of the 

a priori time interval To, where it is assumed that the unknown time 
state, T , of the signal has a value within the range of [-T,/2; T)/2), 
and of the length of the signal, A , and of normalized threshold 4 , on 
the effectiveness of detection. It is demonstrated that the accuracy of 
the equations arrived at increases with an increase in the signal-to- 
noise ratio and the a priori interval for determination of the unknown 
parameter. Estimates are made of the probability of signal omission and 
of false alarm. A discussion is given of the characteristics of a 
maximum-plausibility receiver when an estimate is made of unknown para- 
meter |. of the signal, where during time interval [0;T] enters the 
receiver a realization of random process x(t) = n(t), or x(t) = s(t, 2 0» 


@ ») + n(t), where n(t) represents the realization of Gaussian white noise 

















with a linear spectral density of no, and a(t, Lo, $0) = F(t, Lo) cos 
[wot +¥ (ec, £9) - $5) is a narrow-band radio signal with an unknown 
initial phase,  , and non-energy parameter £9. Asymptotically pre- 
cise expressions are found for the characteristics of the detection of 
a discontinuous signal and for estimating its unknown parameter by the 
maximum plausibility method. References 15: 14 Russian; 1 Western. 
[97-8831 } 
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ESTIMATE OF EFFECTIVENESS OF THE QUICK METHOD OF DIRECT COMPUTATION OF A 
CYCLIC CONVOLUTION AND CORRELATION 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 11, Nov 79 
pp 2212-2221 manuscript received 29 Oct 78 


MAZURKOV, M. I. and SVERDLIK, M. B. 


[Abstract] Different methods of quick transformation are employed in 
order to reduce the number of operations involved in computing correla- 
tions, such as the correlation of two number sequences represented in 
vector form. The key factor in these transformations is the periodicity 
of the kernel of the transformation. The possibilities of constructing 
quick method for directly computing a convolution and correlation have 
been insufficiently investigated and estimates of their computation 
efficiency are lacking. In an earlier study (1969) a quick convolution 
algorithm was suggested for the purpose of detecting periodic pulse 
trains. The essence of this algorithm was the elimination of redundant 
operations occeaioned by the periodicity of detected trains. Here an 
estimate is made of the computation efficiency of a quick method of 
directly computing a cyclic convolution and correlation in which for the 
purpose of eliminating redundant operations use is made of individual 
structural properties of sequences being correlated or convoluted. 

Number sequences are discussed which are characteristic of manipulated 
signals whose parameters change discretely and take on values from a 
finite set of order p, the base of the sequence, of different states. 

The unified approach is discussed, of designing various methode of 

quick computation in which a unidimensional array of numbers is trans- 
formed into a two-dimensional one for cases when the length of the 

number sequence is expandable It is demonstrated that computing 
efficiency increases with an increase in N, the length of the sequence, 
and the degree of expandability of N. The conditions for the existence 
of computational redurcancy are found and the structure of this redundancy 
is revealed, and a regular method is suggested for eliminating redundancy. 
A determination is made of the bottom limit of the computation efficiency 
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of the method described. The fact that the efficiency of the method 
increases with an increase in N and the degree of ite expandability bears 
a similarity to the rapid Fourier transform method used in computing a 
discrete Fourier transform. The estimates obtained prove that the qui:k 
method of directly computing a correlation or cyclic convolution is 
sufficiently efficient. A distinctive feature of the method is the fact 
that the efficiency of multiplication is always higher than that of 
addition. References 8: 7 Russian; 1 Western. 
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A METHOD OF ESTIMATING THE AVERAGE POWER OF A RANDOM PROCESS WITH A 
NAKAGAMI PROBABILITY DISTRIBUTION 


Moscow RADIOTEKHNIKA in Russian Vol 35 No 1, Jan 80 pp 64-67 manuscript 
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IVANKIN, P. A. and LEBEDINSKIY, YE. V. 


[Abstract] A method of estimating the average power of a random process 
with a Nakagami m-distribution of probabilities is shown which does not 
require squaring and subsequent summation. This method utilizes the 
properties of disgribution quantiles, aX q -quantile of order & being 
related to th» X% “-distribution. Calculations show that the 0.75 quantile 
is almost independent of parameter m (1/24 m S00) and, therefore, should 
be used as estimator of the average power when the value of m is not a 
priori known. The error of measurements will then not exceed 0.1, while 
in the case of an a priori known value of parameter m this estimator is 
almost as accurate as an efficient estimator. An advantage of this 
estimator is that it imposes less severe requirements on the measuring 
instrument with respect to linearity and dynamic range. The method can 
be further refined for the case of a small sample. Figures 2; references 
4: 2 Russian; 2 Western. 

[156-2415] 
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A METHOD OF DISCRIMINATING BETWEEN RANDOM SIGNALS WITH UNIFORM DISTRIBUTIONS 
OF INSTANTANEOUS AMPLITUDES 


Moscow RADIOTEKHNIKA in Russian Vol 35 No 1, Jan 80 pp 67-69 manuscript 
received after completion, 9 Apr 79 


K''ZNETSOV, YU. A. 


[Abstract] Two signals are considered which consist of pulse trains with 
—* independent amplitudes y= ay distributed over the ranges 

and 0- a, respectively (a) > a A discriminator is considered, 
(Ube which raises their Ra sm. to a power n>1 with subse- 
quent summation and compares the sume of squares with some threshold. 
This threshold is chosen so that the probability of it being exceeded by 
signal one will be low and equal to the probability of error. If it is 
exceeded, on the other hand, this will signify the presence of signal two. 
The probability of correct detection of signal two is now calculated by 
applying the central-limit theorem to identically distributed independent 
variates with a finite mean and a finite dispersion each, also assuming 
normal distributions of those sums. The higher the probability of the 
threshcld being exceeded by signal two is, the more efficient will be 
the discriminator. Simulation tests have shown that the probability of 
correct discrimination increases with a higher power exponent n. 
Tables 2; references 2: Russian. 
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LOSEV, V. V. 


[Abstract] In an earlier study (1964) a description was given of discrete 
signals with a length of N = 2" characters for an n-channel data trans- 
mission system with a group signal transmission rate of R=n/N. A 
discussion is given here of signals with a higher rate for the processing 
of which it is feasible to employ Walsh rapid transformation algorithms. 
With F = {W,, i=l I,N} representing a set of Walsh functions, signal A 

is formed by a majority transformation of the values of n functions (com- 
ponents) of set F and their inversion, i.e., A = Maj (byWy1, boWyo,---, 
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baWin) > where n is an odd number. 8B = (bi, boseeey Dad» by ™ 1, m2; 

I= (4,, 19,--+, 1,). A description of a set of signals of type A then 
reduces to recomputation of vectorr B and I, which can be regarded as 
information parameters of signal A. It is thus possible to transmit 
information by varying vectors B and I. A study is made of the possi- 
bility of transmitting data by this method by representing signal A as 

a functional series containing terms representing the spectral coefficients 
of signal A on a Walsh-Fourier basis. The transmission of information is 
discussed, employing the method of inverting components. Here vector |! 

is fixed and information is transmitted by means of vector B. There 

exist 2" different B vectors, so that with fixed B signal A will transmit 
n bits of information. The receiver then must contain n correlators whose 
reference signals are the components Way» Wyoe+++s Wyn An expression 


is given for the probability of error per character in a received n- 
dimensional werd. A disadvantage of this system is the relatively low 
transmission rate, equaling n/N. Also discussed is the transmission of 
information by means of the exchange of components. In the set of Walsh 
functions, F, are selected n]N/n[ , where ]x[ is the nearest number not 
higher than x, elements and they are broken down into n classes with ]N/n/[ 
functions in each class. Corresponding to each clase is a bindary f-bit 
number, where {= ]logs](N/n)[[. Vector I is selected for one representa- 
tive from each class, so that sequence A will transmit nf bits of infor- 
mation. Separation of this information is accomplished by the recognition 
of components. A table is given of values of nf for certain n. By this 
method is achieved an {-fold increase in the transmission rate as com- 
pared with the first method discussed. Components are separated by a 
multichannel correlation receiver. Inasmuch as N is high, it is advisable 
to use Walsh rapid transformation algorithms and processes for practical 
implementation of this receiver. An expression is given for caiculating 
the probability of error per bit. Also discussed is coding which features 
unequal protection of characters. This method can be used when the in- 
formation transmitted by individual characters of messages is not « the 
same value. Here set F is broken down into classes with different numbers 
of functions, whereby the class with the least number of terms is used 

for coding the most important part of the information and the class with 
the highest number of terms for coding the least important part of the 
message. The example is given of breaking down Walsh functions into 
classes with identical periods. This method is used in clock synchroni- 
zation applicat‘ons. Tables 2; references 9: 8 Russian; 1 Western. 
[97-8831] 


13 








USSR UDC 621.391.8 


STATISTICAL CHARACTERISTICS OF A PHASE DETECTOR WITH AMPLITUDE LIMITATION 
WITH A RANDOM SIGNAL-TO-NOISE RATIO 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 11, Nov 79 
pp 2235-2243 manuscript received 5 Jul 78 


YEVSIKOV, YU. A. and CHILIKIN, V. M. 


[Abstract] ‘The effect is discussed of the sum of a harmonic signal and 
narrow-band and steady-state normel random noise with an energy spectrum 
of arbitrary form on a series-connected envelope limiter and phase 
detector. This unit is used for amplitude limitation for the purpose of 
compressing the dynamic range of input oscillations in phased systems. 
The method of amplitude limitation is used especially in digital systems 
to make it possible to reduce substantially the number of elementary 
operations in signal processing. In analyzing the noise rejection of and 
in statistical modeling of systems of this sort it is necessary to deter- 
mine the statistical characteristics of the envelope limiter - phase 
detector unit. For the majority of practical applications it is sufficient 
to find only the correlation function or energy spectrum of the output 
process, u,(t). This problem has been solved with the effect on the unit 
of a mixture of a harmonic signal an’ normal steady-state noise only for 
the asymptotic case of low values of the signal-to-noise ratio, q?. A 


smoothed limiter is discussed, whose characteristics vary from linear to 
ideal depending on the values of parameters. It is demonstrated that the 
problem here reduces to calculation of the correlation function of the 
cosine of the phase of the mixture of the harmonic signal and noise. It 
is emphasized that the equations arrived at are explicit and do not con- 
tain integrals and can be used with a random phase of the signal and form 
of the noise's energy spectrum. A theoretical analysis is made of the 
process at the output of the envelope limiter. Equations are derived for 
the mean value of process ug(t). For describing the output voltage of the 
phase detector, it is represented as a multiplier with the subsequent 
separation of low-frequency components of the spectrum. The correlation 
function of process ug (t) is discussed theoretically. The correlation 


function is found for the phase detector's output process for the case of 
a smoothed limiter with a random difference in the phases of the signal 
and reference oscillation. The results are given of a calculation of the 
spectral density of the output process at frequencies near zero. Curves 
are shown for the dependence of the normalized value of this density on 
the phase of the signal with different signal-to-noise ratios, calculated 
for a symmetric shifted noise spectrum with ideal limitation. It is 
demonstrated that the values of the spectral density depend substantially 
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on q*. The curves also show a strong dependence of values of the spectral 


density at frequencies close to zero on the phase of the signal with high 
signal-to-noise ratios. The phase of the signal has the strongest influ- 
ence in the limiting case of high signal-to-noise ratios satisfying the 
condition q? >> 1/sin2 F where , is the phase of the signal. Figures 
2; references 15: 11 Russian; 4 Western. 
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L'VOVICH, A. A. and KUZ'MIN, B. D. 


[Abstract] A universal analytical expression is derived for the spectrum 
of Walsh functions regardless of their arrangement pattern. The spectral 
characteristics of only one subset of these functions are needed, and here 
those of the eve: subset with odd numbers of sign reversal within one 
half-period are used, those of the other (odd) subset following directly. 
A Walsh function is represented as a sequence of binary elements and the 
origin of coordinates is located at the center of even symmetry. The 
resulting expression for the amplitudes makes possible an analysis of the 
spectrum without prior computer simulation of these functions. As a 
typical example the case is considered of k= 2n-24 1=65 sign reversals 


within one half-period (2k= 130 is equivalent to g,(q)= 1100011 in the 
Gray code). Higher-order spectra can be easily calculated from already 
known values for lower-order spectra by the use of a recurrence formula. 
Figures 5; tables 1; references 7: 3 Russian; 2 East German; 2 Western. 
[156-2415] 
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USE OF WALSH FUNCTIONS FOR DATA TRANSMISSION OVER CHANNELS WITH SHORT 
INTERMISS IONS 


Moscow RADIOTEKHNIKA in Russian Vol 35 No 1, Jan 6O pp 39-43 manuscript 
received after completion, 4 Apr 79 


CHAYKO, K. I. 


[Abstract] A method of coping with short intermissions in communication 
channels. .is proposed, by using Walsh functions as the data carriers. The 
data transmission channel includes a generator of code sequences in the 
form of a complete orthogonal Walsh set. Referring to the statistical 
characteristics of fluctuation noise and of noise caused by intermittency, 
the error probability in data transmission with Walsh functions is calcu- 
lated for a group signal with no pulse or one pulse or two pulses affected 
by intermissions. Figures 4; references 2: Rv3sian. 

[156-2415] 
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INTERTYPE COUPLING OF OSCILLATIONS IN A CYLINDER WITH ONE AND TWO 
LONGITUDINAL SLITS 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 11, Nov 79 
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KOSHPARENOK, V. N., MELEZHIK, P. N. and SHESTOPALOV, V. P. 


[Abstract] A demonstration is given of the fact that in a round regular 
waveguide of radius a with the existence of one or two lengthwise slits 
of angular dimension 20 strong electromagnetic coupling originates 
between certain types of H-waves whose internal transverse wave numbers 
are quite close to one another. A study is made of the origin of inter- 
type coupling in terms of the nature of the dependence of the waveguide's 
transverse wave numbers, k, , on the width of the slit, 9, represented 


in the form k; = (Vv gy + x + iy)/ay, where Vn represents the roots of a 
derivative of a Bessel function of the first kind, J,'(v ,,,) = 0, and 

(x + iy)/a represents the complex displacement from the transverse wave 
number of a regular waveguide caused by the appearance of a slit. 
Approximate equations are derived for determining function f(0) = k a, 
for the case of exponentially narrow slits. Curves are shown which 
illustrate dependence f(8) = k 14 for Hy} modes, calculated from a 
strict dispersion equation for a round cylinder with one longitudinal 
slit and calculated with an approximate equation presented iere. These 
curves essentially represent a Wien graph for coupling frequencies in a 
doubly connected system, where parameter 8 alters the tuning frequency of 
the resonant structure. Also shown is the above-named dependence for Hy} 


modes. An investigation of the structure of resonance fields in a round 
waveguide with a longitudinal slit has indicated that near the maximum 
convergence of values of resonance frequencies a particular “hybridization” 
of both types of waves takes place. For a cylinder with two symmetrically 
arranged slits the f(®) curves for Hf and H15 oscillations have a point 
of intersection representing a fundamental difference from the behavior 
of similar curves for a cylinder with a single slit. This demonstrates 

a lack of intertype coupling for these modes. In real waveguides with 
two slits, slight inhomogeneities on their surfaces can result in the 
origin of strong intertype coupling and in considerable parasitic effects. 
In an ideal cylinder with two symmetric slits, oscillations with the same 
evenness of variations in terms of the azimuthal coordinate enter into 


intertype coupling, e.g., H,3 and H > oscillations. For wide slits when 
the inhomogeneity is great, the esalleten of proximity of the natural 
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frequencies of the regular structure is not necessary for the origin of 
intertype coupling. It is demonstrated that in a round cylinder are 
possible both strong examples of intertype coupling and the appearance of 
points of convergence of natural frequencies. This fact should always be 
taken into account in round waveguides for the purpose of avoiding 
undesirable parasitic effects. The authors thank Kh. L. Garb and 

P. Sh. Fridberg for helpful discussion. Figures 2; references 7: Russian. 
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PROBLEM OF THE AMBIGUOUS SECTION OF THE DISPERSION CHARACTERISTIC OF A 
ROUND TWO-LAYER WAVEGUIDE 


Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 11, Nov 79 
pp 2356-2359 manuscript received 23 Jan 78 


TRIFONOV, I. P., Sofia University Physics Dep>rtment, People's Republic 
of Bulgaria 


[Abstract] The practical utilization of the HE}, hybrid return wave ina 
round two-layer waveguide requires knowledge of the low-frequency limit 
of the ambiguous section of this wave's dispersion characteristic, as 
well as of the dependence of its width on the dielectric constant of the 
rod and the space factor of the waveguide. An analytical expression is 
derived here for the low-frequency limit of the ambiguous section, calcu- 
lations are made of the width of this section and an analysis is made of 
the influence of the dielectric constant and space factor on this width. 
The dispersion characteristic is given for an HE,, wave with a dielectric 
constant of 50 and a space factor of 0.8, from whitch it is obvious that 
at the low-frequency end the boundary of the ambiguous section corresponds 
to a value of the moderating ratio at which the group velocity in the 
waveguide becomes equal to zero. An analytical expression is found for 
the low-frequency limit of the ambiguous section on the basis of an 
expression for the normalized group velocity when this expression equals 
zero. An equation is also derived for the width of the region of ambiguity. 
With these equations a calculation was made of the width of the ambiguous 
section over the range of variation of the rod's dielectric constant from 
12 to 90 and of the waveguide's space factor from 0 to 1. Curves are 
shown, illustrating the dependence of the width of the ambiguous section 
on the space factor with different dielectric constants of the rod. With 
an increase in dielectric constant, the maximum range of ambiguity in- 
creases and shifts in the direction of higher values of the space factor. 
Curves are shown, illustrating the dependence on the dielectric constant 
of the maximum width of the ambiguous section and of the value of the 
space factor and moderating ratio corresponding to it. Also illustrated 


18 














are dependences of values of the moderating ratio corresponding to the 
low-frequency limit of the ambiguous section on the space factor with 
different values of the rod's dielectric constant. These curves make it 
possible to compute and plot the range of ambiguity in coordinates 

A (a/b) - a/b at a fixed frequency, where a/b is the space factor. The 
calculations performed in this study were done on an IBM-370/145 computer. 
The width of the - of ambiguity is determined by the equation 


6 () /b) = A, /b -A,/b, where A ,/b is the critical wavelength normalized 


for the waveguide's radius and A, b is the low-frequency limit of the 
region of ambiguity. The author thanks B. M. Farebskiy for construction 
of a program for calculation of dispersion characteristics. Figures 4; 


references 6: 4 Russian; 2 Western. 
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INPUT IMPEDANCE OF FERRITE DELAY LINES UNDER CONDITIONS OF NONLINEAR 
FERROMAGNETIC RESONANCE 
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BASHKOVSKIY, A. V., ZUBKOV, V. I. amd TSARUKYAN, T. M. 


[Abstract] A considerable disadvantage of ferrite delay lines in micro- 
wave technology is the dependence of their matching with the microwave 
signal channel on the level of the microwave power. This dependence is 
related to the parametric excitation of spin waves, i.e., to the origin 

of nonlinear ferromagnetic resonance. Hitherto there have been no 
theoretical studies on the instability of spin waves evolving in an 
inhomogeneous internal magnetic field of a ferrite model with inhomogeneous 
pumping. Given here are a description and the results of an experimental 
investigation of the behavior of tne effective and reactive input impedance 
of a ferrite delay line as a function of the power of the microwave signal 
before and beyond the threshold of spin instability. The experiment was 
conducted with a measuring line employing a model of a planar ferrite 

delay line containing ferite plates — of a single crystal of 
yttrium iron garnet measuring 1 X 4 X 10 mm” with saturation magnetization 
of 47 M, = 1750 Gs and a resonance line width of 2AH~1 Oe. The plane 


of the plates coincided with crystallographic plane (110), and the 4-mm- 
long edge with axis <111> . The constant external magnetic field, Ho, 
was directed along the 10-mm-long edge. In order to match the ferrite 
plate with the microwave channel and to excite in it magnetostatic body 














waves propagated along ‘ield H,, the plate was placed between the in- 
ductive sections, parallel to Phe 4~-mm-long edge, of two identical low- 
frequency microwave band f/lterse with a maxiaum flat frequency response, 
with a cutoff frequency of 2.4 Giz, and loaded onto a segment of a short- 
circuited etripline of variable length. Thie length was selected so that 
the input impedance of the matching device would be purely effective prior 
to the threshold for the excitation of spin instability. A curve is 
shown, indicating che dependence of the standing wave ratio and delay 

time on the magnitude of the magnetic field applied at a frequency of 

2.3 Giz and a power level below the threshold, where the threshold of 

spin instability in the propagation of magnetostatic body waves is in 

the range of 0.3 to 1.0 mW. These curves characterize initial tuning of 
the system. Another set of curves is shown which illustrates the change 
in the delay line's input impedance in the excitation of magnetostatic 
body waves at power higher than the threshold of spin instability. No 
important changes weie observed in this sytem before the threshold. 
Immediately beyond the threshold the effective and reactive input 
impedance increase, then a dip occurs, and there is an increase again. 

The determining factor in an increase in the standing wave ratio is an 
increase in the normalized reactive input impedance. Normalization was 
performed in terms of the wave impedance of the conducting line. With an 
increase in the delay time the curves for normalized effective and reactive 
input impedance become smoother. This is associated with the fact that 
with a longer path of the pulse through the plate processes of parametric 
excitation are successfully established. The effective part of the im- 
pedance becomes more and more unaltered with an increase in pulse length. 
Meanwhile, the reactive part of the impedance increases and becomes set 

at a level of 0.6 times the normalized reactive input impedance, remaining 
capacitive all the while. The general conclusion is drawn that the para- 
metric excitation of spin waves results in an increase in the input 
impedance of a ferrite plate utilizing microwaves up to certain limits, 
after which a reduction in this magnitude begins, followed by an increase 
again which is determined by the change in the reactive part of the im- 
pedance. The results arrived at can be utilized for the purpose of tuning 
ferrite delay lines with high levels of microwave power. Some qualitative 
conclusions are drawn regarding the parametric excitation of spin waves 

in ferromagnetic models in which the constant internal magnetic field is 
inhomogeneous and wave pumping is also inhomogeneous. These include the 
fact that the effective input impedance is proportional to the imaginary 
part of the magnetic susceptibility, and the reactive to its real part. 
The dependance revealed here, of the threshold of the parametric excita- 
tion of spin waves on the pulse length, whereby the threshold is constant 
and does not increase with a reduction in the length of the pulse, has 
been encountered for the first time in the study of nonlinear phenomena. 
The authors are grateful to S. A. Borisov and Yu. Sh. Temirov for assistance 
in conducting the experiments. Figures 2; references 8: 6 Russian; 

2 Western. 
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SIMULATION ON A DIGITAL COMUTER OF 4 NONLINEAR TRACKING FILTER DURING 
MEASUREMENT OF POISSON PROCESSES 
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MART'YANOV, A. N. and TATSENKO, V. G. 


[Abstract] A class of nonlinear filters is considered with which a 
Markov process satisfying some linear stochastic differential equation 

can be evaluated, according to the mean-square-error criterion, from 
measurements of a conditional Poisson process. The differential equations 
with a covariant error matrix describing a quasi-optimal estimation canno' 
be solved analytically and, therefore, are transformed to finite-difference 
equations. Thus simulation of the filter reduces to a simultaneous 
numerical solution of the original differential equations. This method 

is illustrated first in the simple case of a Markov process which has two 
additive components: a deterministic one and a random one. It is then 
extended to a process representing the integral, with respect of time, 

of the sum of two processes: a random one and a stationary one. Tracking 
becomes steady after a transient period of time which depends not only on 
the frequency fluctuations but also on the mean value of the intensity 
function characterizing the measured Poisson process. Figures 2; refer- 
ences 9: 5 Russian; 4 Western (2 in translation). 
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IGNATOV, A. N., MARTYUKHIN, K. V. and NIKIFOROV, V. V. 


[Abstract] The structure of an electronic multichannel commutator with 
field-effect transistors operating as switches is described which, in the 
general case, has k inputs and n outputs. Such a commutator requires a 
total of kn switches to ensure that any input can be connected to any 
output. Matching the inputs to the outputs requires, furthermore, k+n 
buffer amplifiers. Each switch is provided with an individual control 
circuit and its "on" indicator. A large-capacity commutator of this 

kind can be automatically controlled through a computer, in which case 
the structure must also include an appropriate interface. Each switching 
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channel can be built with either discrete or integrated components. A 
typical etructure of such a channel is shown where the switching module 
contains a T-network with a pair of KP302B field-effect transistors in 
the series arme and an MP116 bipolar silicon transistor in the shunt arm, 
this bipolar transistor also serving as the control element. The control 
circuit includes also a trigger buil: on an AL301V tunnel diode with a 
resistor. The buffer amplifiers are ‘oltage repeaters, each built on a 
KP1LOIM field-effect transistor with K1315C and GT404V bipolar transistors. 
Decoupling capacitors between a switch and a buffer amplifier prevent 
switching of d.c. voltage during commutation of analog signals, but they 
also lower the operating speed to 2 s. Ina channe)] built with components 
in a K284KN1 integrated circuit and TTL logic there is no need for these 
capacitors and the operating speed remains high, 3. 10*6 8, dependent on 
the switch characteristics only. Here an AL1O2V light-emitting diode 
eserves as ‘on’ indicator. Figures 3; tables 1: references 5: Russian. 
[156-2415] 
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MURMUZHEV, B. A. and POPOV, V. A. 


[Abstract] A stripline waveguide is considered which consists of di- 
electric films on a substrate with a lower dielectric permittivity, and 
which has been coaxially split from another rectangular stripline, one of 
them being movable and the other one stacionary. Radiation losses caused 
by such a disjunction have been calculated according to approximate ex- 
pressions for single-mode optical fibers without re-reflections at both 
ends and with a Gaussian distribution of the fields of waveguide modes. 
This method of calculation avoids difficulties caused by the intricate 
transverse distribution of amplitudes of low-order waveguide modes 

—* EY and the asymmetry of the dielectric space around the given strip- 
ithe. calculations are compared with experimental data pertaining to 
a 100 mm long stationary stripline and a movable segment of a 200 mm long 
stripline. The stationary stripline was coupled through a horn-strip 
junction to a 2-mm waveguide channel including an OV-22 tube, a p-i-n 
modulator, a precision attenuator and a measuring line. On the upper 
surface of the movable stripline segment a detector head was placed, in 
order ™ ensure an adequate decoupling. The authors thank V. V. MERIAKRI 
for discussion of the results. Figures 2; references 10: 8 Russian; 

2 Western. 
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COMPUTER STUDY OF VARACTOR FREQUENCY MULTIPLIERS TAKING INTO ACCOUNT 
RECOMBINATION AND HYSTERESIS LOSSES 
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GARBUZENKO, A. P., GRINBERG, G. 8. amd KHOTUNTSEV, YU. L. 


[Abstract] The spectrum method ordinarily used in studying varactor 
frequency multipliers assumes the existence of only certain harmonics in 
the oscillation spectrum in a system. Here a study is made of a frequency 
doubler, tripler and quadrupler, and these devices are optimized, by the 
state variable method, a method of integrating differential equations 
describing a nonlinear system without restrictions on the form of oscilla- 
tions in the system. The employment of this method makes it possible to 
determine energy, impedance, amplitude, amplitude-frequency and phase- 
frequency characteristics, the sensitivity of characteristics to a change 
in parameters, and also the differential parameters of the steady-state 
operating mode of a diode necessary for investigating the fluctuation 
characteristics and analyzing the stability of varactor frequency multi- 
pliers. The study takes into account all the mechanisms for losses in 

the diode, such as losses in the base and recombination and hysteresis 
losses. The study here is limited to the stage of analysis in which a 
calculation is made without taking into account parasitic parameters of 
the diode and with the existence of tap filters in the circuit which make 
it possible to separate a number of components in the oscillation spectrum. 
A model is presented of a diode which makes it possible to take into 
account recombination and hysteresis losses. A varactor diode is described 
by two sets of equations for the current, voltage and charge for the two 
possible states of the diode, open and closed, and by boundary conditions 
relating these equations at instants when the diode switches from one 
state to the other. These equations are somewhat modified to allow a 
time-dependence approach to analysis of the steady-state mode of a diode. 
An equivalent circuit is presented for the diode, which includes 4 source 
of current equal to the current for dissipation o° the residual charge of 
the diode's base, a two-position switch whose pos tions represent the open 
and closed state of the diode, a constant resistance characterizing active 
losses in the diode related to the resistance of the base and contacts, 
and a nonlinear capacitor the voltage in which is equal to the voltage in 
the diode's depletion-layer capacitance on account of the deduction of 

the contact difference in potential. Experimental investigations have 
demonstrated that in the doubler and tripler circuits shown here at a 
fixed frequency it is possible to achieve a stable frequency multiplication 
mode with high efficiency and a low level of spurious harmonics. A solution 








ie given for equations of estate for a varactor frequency multiplier. The 
algorithm involved in determination of the instants of triggering and cut- 
off of the diode is discussed. Values of efficiency are given for differ- 
ent kinde of multipliers arrived at in an earlier study (1965) and values 
calculated here for the circuits discussed prior to and after optimiza- 
tion. The Runge-Kutta method was employed to integrate the system of 
equations of state. Several results are discussed of the designing and 
optimization of varactor frequency multiplier models, whereby efficiency 
is considered the most important operating characteristic. Efficiency is 
defined here as the ratio of the power of the output harmonic of the 
current in the load to the maximum active power of the generator of the 
input signal. The problem of optimizing a varactor frequency multiplier 
ie formulated as a problem of determining maximum efficiency in a space 

of specific resistance, inductance and power parameters. This problem is 
solved by the method of descent by coordinate with even spacing of coordi- 
netes. Each parameter is varied by 10 percent of its original value in 
one direction or the other in intervals of 2.5 percent. Sequences of 
variations of parameters in a cycle are given which result in the greatest 
approximation of maximum efficiency for a doubler, tripler and quadrupler. 
Time diagrams are given for current, voltage and charge in the base of 

the diode in the steady-state mode for some typical cases of optimal 
circuit parameters. Under optimal conditions the level of spurious her- 
monice in these multipliers is quite low, below 20 dB. Unlike the spectrum 
method, employment of the time-dependence method makes it possible easily 
to study the band, amplitude, impedance and phase-frequency characteristics 
of any type of multiplier, in particular, of broadband m1tipliers and 
multipliers which do not contain tap filters. Figures 6; references 6: 

2 Russian; 4 Western. 
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[Abstract] Three micropower logic inverters built with MOS transistors 

and operating in the depletion mode are considered. The standard device 
draws zero power under quiescent conditions and consists of two complementary 
transistors, both gates tied together at the potential input and both 

drains tied together at the inverter output. It features a high inter- 
ference immunity, but low threshold voltages are difficult to attain at 

any one crystal. In the second version both substrates are tied together 
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at the potential input and both drains a.° tied together at the inverter 
output, while each gate is connected to a bles source, thie configuration 
making low threshold voltages uv.necessery. In the third version there is 
only one transistor, with the erbset.ate-drain p-n junction acting as the 
load. The voltage ewitching characteristice and the gain of each device 
are calculated from fundamental inverter performance characteristics and 
the solution to the Poisson equation for a semiconductor surface, assuming 
a surface layer of the substrate semiconductor whose nonideality does not 
depend on the voltage applied across the p-n junction and disregarding 
any modulation within the flat range vf the drain characteristics. Pro- 
totypes of the second version were built with pairs (n- and p-) of 164LP1 
microcircuit transistors. Prototypes of the third version were built with 
KP301B transistors having an induced channel. Both versions were tested 
and their performance checked experimentally. Figures 2; references 12: 

7 Russian; 5 Western. 
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[Abstract] Integral magnetic recording heads with narrow pole shoes are 
considered, including vertical and horizontal single-turn as well as 
multiturn constructions. They all consist essentially of a substrate on 
which magnetic carriers and an electrical conductor are deposited so as 
also to form the necessary gap. The magnetic carriers can be thin ferrite 
films, and the substrate can also be a ferrite layer constituting a part 
of the flux carrier. The magnetic leakage fields are calculated theoreti- 
cally in a two-dimensional approximation on the basis of micromagnetic 
analysis, assuming an equiprobable linear or parabolic (second-degree) 
magnetization profile and taking into account the effect of a bounded 
active surface. The performance characteristics of various gradually 
improved designe have been determined experimentally, in the recording 
mode and in the playback mode with magnetic tapes and disks, indicating 

a superiority of integral magnetic heads in the frequency range above 

10 MHz. Their main advantages are small dimensions accommodating a high 
transverse recording density and ensuring excellent frequency characteris- 
tics. In a multitrack configuration it is possible to maintain an identicity 
of functional track characteristics. It is furthermore possible to mount 
such heads and IC preamplifiers on the same substrate. Figures 7; 

tables 2; references 66: 26 Russian; 5 East German; 35 Western. 
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[Abstract] Generalized results are given of a many-years experimental 
study of structures based on superconductor-semiconductor-superconductor 
(S-P-S) and siperconductor-semiconductor (S-P) junctions, employing 
amorphous and monocrystalline semiconductors. Studies were made of 
conditions for the fomation of a potential barrier at the interface of a 
superconductor and semiconductor and of the electrical characteristics of 
junctions thus obtained. S-P-S structures manifest the Josephson effect, 
and S-P structures anomalously great nonlinear resistive effects. 
Structures of these sorts can find an application in cryoelectronic equip- 
ment. For the purpose of producing superconductor - amorphous germanium - 
superconductor tunnel structures the usual technique was employed of 
vacuum spraying with cooling of the substrate to the temperature of 

liquid nitrogen. A modernized UVN-2M-1 unit was employed to produce 
junctions, which made it possible to avoid the formation of a natural 
oxide on the lower superconducting electrode. Along with the fabrication 
of experimental structures, control samples of germanium films were 
sprayed onto a pyroceramic or sapphire substrate, and these samples were 
studied with an ER-100 electron-diffraction camera. It was found that the 
films of the sgmples had an amorphous structure with crystallites measuring 
less than 100 A. The thickness of the germanium film on the control samples 
was measured by means of an MII-4 interferometer. Immediately after they 
were produced and checked visually, the experimental samples were mounted 
on a special holder and immersed in a cryostat with liquid helium. The 
unit for investigation of electrical characteristics made it possible to 
measure the volt-ampere characteristic, dU/dI and I_(H) in the temperature 
range of 30 to 2.5°K. The most typical results are given for superconductor - 
amorphous germanium - superconductor junctions which withstood multiple 
thermal shocks from 300 to 4.2°K and prolonger storage at room temperature. 
The results are given for Pb-Ge-Pb, Pb-Ge-Sn and p-type Pb-GaAs junctions. 
The dependence of the critical current through the junction on the magnetic 
field is of a periodic nature; under the effect of radiation with a 
frequency of 30 GHz, on the volt-ampere characteristic are evidenced 
characteristic steps which confirm the Josephson properties of these 
junctions. The maximum value of the critical cugvent qenstty in Josephson 
junctions with a semiconductor barrier equals 10° A/cm“ without notice- 
able overheating and hysteresis of the volt-ampere characteristic. These 
observations hgld true when the thickness of the semiconductor film is 

less than 300 A. Volt-ampere characteristics are presented for the same 
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junction at different temperatures. With T 4.2K a superconducting 
current on the order of magnitude of 10 mA flows through the junction, 
and is reduced with a rise in temperature, and with T>5°K the volt- 
ampere characteristic takes on the shape typical of single-particle 
tunneling. The tunneling effect in S-P junctions was qqeerves pee 
in the impurity concengration ra range of from 5°1018 om “3 to 7- i 

for —** from 2°10*8 to 3.1019 om? for p-Ge, Ay from 1-10 


5°1018 3 for p-InSb. As — —44 were used Pb, Sn, Nb A In. 
Typical “qhasastentatins are presented for superconductor-semiconductor 
junctions as a function of different external conditions. Curves are 
shown, illustrating the dependence of the differential resistance on the 
bias voltage in the junction at different temperatures for a sample of 
p-type Pb-Gads with a carrier concentration of p = 1°1019 om-3, Also 
illustrated is the influence of a magnetic field on the characteristics 
of this same sample. The influence of temperature and a magnetic field 
on these characteristics is evidenced chiefly by a change in the para- 
meters of the superconducting electrode. The semiconductor also exerts 
some influence. A growth in the strength of the magnetic field. as well 
as a rise in temperature, results in a reduction of the differentiai 
resistance of the junction. With microwaves acting on the junction its 
differential resistance, beginning at a certain critical value of the 
applied strength, drops linearly as the result of the disruption of 
superconductivity by the microwave field. In this regard, conflicting 
results have been obtained. It is thought that the effect of microwave 
radiation on superconducting structures can result in an increase in the 
power gap. The authors thank B. M. VUL and A. M. PROKHOROV for discussion 
of the results of the work. Figures 6; references 21: 11 Russian; 

10 Western. 
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[Abstract] The results are given of a theoretical and experimenta, study 
of amplitude and phase modulation of surface acoustic waves in a layered 
structure consisting of an LiNbO, piezodielectric substrate on the surface 
of which were excited and propagated Rayleigh surface acoustic waves and 
to whose surface was applied a thin film of a photoconducting CdSe semi- 
conductor. The analysis is based on the fact that electron absorption 

and the speed of ultrasonic waves in a piezoelectric semiconductor depend 
substantially on the strength of the longitudinal electric field relative 
to the direction of propagation of ultrasound. In an alternating electric 
field the amplitude and phase of the ultrasonic wave at the exit from the 
crystal are modulated at the field's frequency. The film's illumination 
level was varied by means of a light source, making it possible to vary 
over a wide range the concentration of electrons in the film and thus to 
vary the conditions for their interaction with surface acoustic waves. 

On the surface of a polished substrate of Y-cut LiNbO, along the Z line 


were propagated Rayleigh surface acoustic waves with a frequency of 
approximately 30 MHz. Electroacoustic transducers of the opposing pin 
type were employed for the purpose of selecting and detecting these waves. 
Directly to the surface of the substrate was applied a photosensitive 

CdSe film approximately 2 ff thick, 5 mm long and about 2 mm wide. A light 
source was employed tc control the concentration of carriers in the film 
by varying the illumination intensity. The 30 MHz signal was fed to and 
processed by a G4-116 generator and the electromagnetic signal representing 
the surface acoustic wave having passed through a region of the film was 
transmitted to an S1-75 oscilloscope (which made it possible to monitor 
the signal's shape), an S4-28 spectrum analyzer and an FK2-12 phase meter. 
A study was made of the amplitude and phase characteristics of the layered 
structure as a function of the constant electric field and of phase and 
amplitude modulation of the surface acoustic wave by the sinusoidal signal 
by connection of the CdSe film via ohmic contacts to either a direct voltage 
source or a G3-33 low-frequency oscillator, or to a G4-68 amplitude- 
modulated high-frequency oscillator, respectively. Curves are derived, 
illustrating the change in phase of the output signal as a function of the 
constant electric field in the film and the dependence of electron absorp- 
tion on the constant electric field in the film. The spectra of phase 
modulation of surface waves and of an amplitude-modulated signal are 
shown, along with an example of an oscillogram of an amplitude-modulated 
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signal. Curves are shown, illustrating the dependence of the amplitudes 
of the carrier and first three sideband frequencies on the modulation 
index, giving a comparison of theoretical and experimental results. Good 
agreement is observed. The conditions are found under which one of the 
types of modulation predominates. Aspects are discussed of the modulation 
of surface acoustic waves by a signal of complex form. The significance 
of the study lies in the fact that for the first time an experime’ tal 
observation has been made of the phenomenon of the direct modulativun of 

a surface acoustic wave at the modulation frequency of a variable electric 
field applied to a semiconductor film. The authors thank I. M. KOTELYAN- 
SKIY for preparation of the layered structures of LiNb0O.-CdSe and the 
highly efficient electroacoustic transducer. Figures 5; references ®: 

5 Russian; 3 Western. 
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[Abstract] ixpressions are derived for the amplitudes of waveguide modes 
and for fields excited in slowly tapering multimode waveguides by the 
incident mode. It is assumed that a certain cross section of the wave- 
guide is critical and it is therefore necessary to consider simultaneously 
the reflection of the incident mode from this cross section and its 
retransformation into near modes, which are also reflected. The approach 
used is that of finding an asymptotic solution to a system of equations 
from the method of cross sections. The asymptotic form of the field is 
found near the critical cross section and remote from it. Considered as 
particular cases are a symmetric tapering waveguide with ideally conduct- 
ing walls with plane and cylindrical cross sections and a "tapering" 
refraction waveguide. Equations are found for the field and for the 
caustic curve. The results are employed for the purpose of calculating 
natural vibrations in open resonator cavities. The basis of this approach 
is the fact that an open cavity with concave reflectors with a radius of 
curvature which is great in comparison with the distance between them can 
be considered a continuously irregular waveguide which tapers toward both 
ends. A natural vibration of this type of cavity can be regarded as a 
waveguide mode which becomes itself after two reflections from critical 
cross sections at the ends of the waveguide. Expressions are found for 
natural frequencies which generalize the familiar equations for vibrations 
of the "bouncing ball" type discussed in earlier studies (1966 and 1972). 
The results arrived at represent a generalization for the case of the 
reflection of the field from a critical cross section, of earlier studies 
by the same author (1977 and 1978). These results are applicable for any 
waveguide system in which the amplitudes of the waveguide modes satisfy 
the system of equations upon which the analysis here is based. This 
system is solved, the consequences of the equations derived are discussed, 
and examples are considered, i.e., that of a symmetric waveguide with 
ideally conducting walls by employing the method of plane cross sections 
and the method of cylindrical cross sections, and the case of a symmetric 
"tapering" refraction waveguide. It is assumed that the incident mode 

has a high number of half-waves between the reflectors, i.e., the walls 

of the waveguide, and this number is in part a function of the characteris- 
tic width of the waveguide. Figures 2; references 10: Russian. 
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[Abstract] A precise analytical theory is constructed for symmetric Hon 
and Ep, waves ub a gradient fiber light guide with generalized spatial 
inhomogeneity of the — constant described by the equation 

€(r)'= € (0)(1- ar? + br4), » = =¥o, where €(0) is the value of the 
dielectric constant on the fiber's axis and a and b are gradient para- 
meters. Outside the core, material characteristics are given in the 

form of the constants € , and ¥ o- With the existence of axial symmetry 
the Maxwell equations for monochromatic radiation breek down into two 
independent systems which describe tue propagation of Hon and Eon waves, 
and from these systems of equations are gotten equations for the tangential 
components of the electric and magnetic fields, taking into account the 
above equation for the spatial inhomogeneity of the dielectric constant. 
The variables are separated in these equations and equations are found 

for a function depending on coordinate r for the case of Hp. and Eo, waves. 
These equations are in turn transformed into dimensionless "equations. 
Particular solutions to the first of these equations represent new 

special functions of mathematical physics which can be used in order to 
solve a variety of boundary value problems in the mathematical transfer 
theorv. An explicit expression is written for the azimuthal and longitu- 
dinal components of the electric and magnetic fields. Dispersion equations 
are derived for the Hp, and Ep, waves of a gradient fiber light guide. 
Equations are given for critical wave numbers. Curves are given, 
illustrating the dependence of the internal wave number and external 

wave n r of the first three H-modes on the normalized diameter with 


a = 10°* and b = 10 for specific values of the dielectric constant ratio 
and of my oe retardation on the tormalized diameter for 

a= 10-2 b = 10™ and a = 0 and b = 0 with the dielectric constant ratio 
equaling 0. 9804. It is shown that with a change in gradient parameters 
the dispersion characteristic shifts toward higher internal wave numbers 
for the entire range of normalized diameters considered, with a simultan- 
eous increase in critical normalized diameters. The dispersion curves 
approach a linearly ascending function. Sensitivity to a change in 
gradient parameters is determined by the ratio of dielectric constants: 
With an increase in this ratio a considerable influence on the behavior 

of dispersion curves is gained when gradient parameters a and b are low, 
and with a # 0 and b A 0 the slope of curves for external wave numbers 

is reduced. Even with very low values of gradient parameters the normalized 
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group retardation in a gradient fiber reaches its maximum value much more 
quickly than in an ordinary fiber. With an assigned number of guided 
modes it is possible to indicate a normalized diameter with which there 
is no difference in normalized group retardation. The purely transverse 
gradient of the dielectric constant has a substantial influence on key 
characteristics. Figures 3; references 4: 3 Russian; 1 Western. 
[97-8831] 
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[Abstract] A precise theory is developed for electric and magnetic 
waves in dielectric gradient film waveguides when the spatial profile of 
the relative dielectric constant of the guiding layer varies along the 
transverse coordinate in gradient form, described by the equation 


E (x) = £(0)(1 - ax* + bx4), where €(0) is the dielectric constant at 
the center of the film, a and b are gradient parameters and x is the 
transverse coordinate. The gradient and uniform layers are not bounded 
along one transverse axis (axis Oy) and the waves are propagated in the 
direction of axis 0z. The thickness of the gradient layer along axis 0x 
equ’ ls 2X5 and it is assumed for simplicity that © =€) =€ and #, = 
M22 '3=KM0? where yw 0 is the magnetic permeability of a vacuum. 


Various symmetric spatial profiles of the material characteristics of a 
gradient film waveguide can be produced by changing gradient parameters 
a and b in the equation given above. Wave equations are derived for 
the transverse components of the electric and magnetic fields on the 
basis of Maxwell equations for harmonic fields. Dimensionless equations 
are found for these equations and on the basis of a solution of the 
dimensionless equations special functions are found which describe 
electromagnetic waves in inhomogeneous waveguide systems. Special 
functions are derived which make it possible to solve boundary value 
problems in wave optics, acoustoelectronics and thermophysics. Disper- 
sion equations are derived for odd and even Ha and E waves. Equations 
are also presented for determining critical internal wave numbers. With 
E/ES (0) + 1, the degree of influence of gradient parameters increases 
markedly. An increase in critical wave numbers is characteristic of a 
successive reduction in the difference between dielectric constants at 
the interface of the internal and external layers. When there is no 
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sudden change in dielectric constant at the boundary of a gradient film, 
the influence of gradient parameters increases substantially. A computa- 
tion of the longitudinal component of the "m'-Poynting vector in the 
region of a gradient film demonstrates a cv iderable concentration of 
energy around the central plane, as compared with an ordinary film. A 
gradient film is apparently less sensitive in terms of losses to tech- 
nological and other flaws in the film's surface. Shown graphically are 
a dispersion characteristic and the dependence of the normalized phase 
delay and the normalized group delay on the normalized dimension, Other 
things being equal, the expansion of pulses depends chiefly on the 
dispersion of group delays; this makes it possible to using a gradient 
film to increase considerably the rate of data transmission without 
strict stipulations for the maximum pn vwissible length of a gradient 
film and the width of the signal's transmission band. It is possible tuo 
compensate effectively the dispersion of a material by alteting gradient 
parameters if knowledge is had beforehand of the sign of the material's 
dispersion in relation to the dispersion of a gradient film. The 
differences in normalized group delays of modes guided by a gradient 
film is much less than in an ordinary film. The curve for the normalized 
p.ase delay rises more smoothly and is shifted in the direction of 
higher values of the normalized dimension. The dispersion characteristic 
of a gradient film increases with a more even slope than does that of 

an ordinary film. Figures 3; references 6: 5 Russian; 1 Western. 
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[Abstract] An analysis is made by the matrix method of the discrete 
interaction of oscillations and waves in ladder networks of six-terminal 
networks with an electron stream. The system, the stream and the com- 
plex delaying structure are represented as a ladder network of eight- 
terminal networks. It is possible co produce an artificial region of 
transmission in coupled structures with positive and negative dispersion, 
or in the interaction of several types of waves in a single electro- 
dynamic system. The employment of artificial regions of transmission in 
electronics is of interest because it makes it possible to realize the 
advantages inherent in traveling-wave tubes with supercritieal amplifica- 
tion. Tle method of coupled waveguide transformers represented as ladder 
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networke of multi-terminal networks excited by an electron stream hae 
been used to analyze the operation of a traveling-wave tube near the 
boundaries of the "cold" transmission band and beyond ite limits in the 
linear and nonlinear theory. Ae a result of the effect of the electron 
stream, the transmission bands of electrodynamic systems expand and are 
shifted and the regions of amplification are extended on both sides of 
the boundary of the "cold" tranemission band. Thus, the wave properties 
of these structures are not fixed but vary under the influence of the 
electron stream. An illustration ie given of several complex delaying 
systems consisting of two loosely coupled structures with opposite 
dispersion. Each structure has a transmission band for approximately 
the same frequency range. Coupling between the structures is selected 
by varying a capacitance. The electron stream in the section between 
celles in a linear approximation is represented as an equivalent two- 
terminal-pair network. An effect is exerted on electrons in the narrow 
capacitive eaps of a delaying structure with negative dispersion. The 
delaying s*ructure with positive dispersion is not directly coupled with 
the stream. The effect of the electron stream on the system is repre- 
sented as an alternating induced current generator being connected to a 
certain gap. Thies current depends on the electron interaction coefficient 
and the amplitude of the first harmonic of the current in the region of 
the gap. The electron beam in a gap's outlet is modulated in terms of 
velocity and this modulation depends on the amplitude of the variable 
difference in potential in the gap. On the basis of this generalized 
model, an equation is derived for the excitation of the traveling-wave 
tube in a linear approximation. An equation is derived for the electron 
stream, whereby it is assumed that there exists an infinitely great 
homogeneous magnetic focusing field constant over time, directed along 
the longitudinal axis. The finite transverse dimensions of the stream 
are taken into account and the electrodynamic system is substituted for 
by an equivalent drift tube. The influence of the walls of the drift 
tube is taken into account by introducing the reduction factor for plasma 
oscillations. Equations are presented which completely describe the 
linear discrete interaction of the field of the electrodynamic system 
and the beam. A dispersion equation is derived which makes it possible 
to determine the characteristics of a delaying structure in the absence 
of an electron stream, the dispersion of the waves of the space charge 
of an electron beam, and the pattern of variation of the dispersion 
properties of a structure while taking into account the influence of 

the electron stream. Solutions are presented which make it possible to 
reveal the nature of interaction of the electromagnetic field with waves 
of the space charge, and to determine the conditions for the existence of 
a specific operating mode. Equations are presented which describe 
separately the properties of the delaying structure and electron stream. 
A theoretical analysis is made of the interaction of waves of the electron 
stream with waves of the delaying structure and boundary conditions are 
taken into account. Oscillations and waves in a “cold” electrodynamic 
system are discussed, and oscillations and waves in a system with an 


34 














electron stream. It is demonstrated that the influence of an electron 
stream in interaction near the boundary of the band resulte in merging 

of the regions of active and passive coupling and the region of reactive 
attenuation. Generally speaking, just by taking boundary conditions into 
account it is possible to isolate the region of amplification of a 
traveling-wave tube from the region of attenuation, and it is demonstrated 
that in the transmission region attenuation can change to amplification. 
In coupling structures with opposite dispersion, a transmission region 
originates which changes under the influence of an electron stream. 

The authors thank R. A. SILIN and V. A. CHEREPENIN for helpful discussion 
of the problem. Figures 5; references 6: Russian. 
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[Abstract] Intense relativistic electron streams can be employed highly 
effectively for the purpose of generating powerful microwave oscillations. 
Of topical interest is a study of the influence of the quasi-static and 
moderating interaction of particles on their emission. Even in experi- 
mental instruments employing longitudinal interaction, such as klystrons, 
the trajectories of individual electrons are curvilinear. A study is 

made here which represents a development of the procedure for modeling 
dynamic processes as applied to curvilinear streams. A procedure is 
suggested for modeling nonlinear dynamic processes in intense relativistic 
streams guided by a longitudinal static magnetic field. For the case of 
random motion at relativistic velocities in broad electrodynamic systems 
a description of emission requires the consideration of many modes of the 
eddy field. This can be accomplished by a method for separating eddy 

and Coulomb fields. In the procedure suggested here, a simpler problem 
is solved, when it is possible to limit oneself to a not too great number 
of excited modes of the emission field. Non-emitted (entrained) synchronous 
and asynchronous fields are computed by changing to a moving system of 
coordinates. Equations are written for a homogeneous circular stream in 
a waveguide with a specific radius and directed by a magnetic field of 
specific strength. The spread in velocities at the inlet is disregarded. 
Harmonic processes which are quasi-periodic in relation to the longitudinal 
coordinate are considered. Equations of motion are presented for curvi- 
linear streams under the condition of gyroresonance, which are widely 
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employed in masers employing cyclotron resonance. Net-point methods are 
employed to take into account Coulomb forces and the intrinsic magnetic 
field, and included in the equations are the eddy current, which is cal- 
culated at each step in integration. For the purpose of solving the 
equations of motion it is necessary to know the values of the entrained 
electric and magnetic fields, which are found by changing to a system of 
coordinates which moves along the longitudinal axis at a rate equal to 

the mean value of the longitudinal componente of the velocities of 
electrons computed at each etep in integration. This method gives correct 
results for instruments with longitudinal interaction and a sufficiently 
low spread in velocities. With the assumptions made here, the entrained 
electric and magnetic fields represent quasi-static fields. An equation 
is derived for excitation of the emitted field, where the discussion is 
limited to the excitation of a field of the TE type in the axisymmetric 
problem. A solution is given to a scalar equation derived for representing 
quasi-static field equations. A self-consistent solution is found for 
the equation for excitation of the eddy field, written with the longitudinal 
axis as the independent variable, and the equations of motion and quasi- 
static field equations, having the time as the independent variable. As 
an example of the influence of entrained fields, Coulomb instability of 

a polyhelical electron stream is discussed, in a drift tube which is 
supercritical for a high-frequency field. Here there is no synchronism 
between modes of the field and the beam. The general conclusion is drawn 
that Coulomb and intrinsic magnetic fields exert a considerable influence 
on the behavior of dynamic processes in intense relativistic curvilinear 
streams. A sufficiently effective approximate analysis of nonlinear 
processes with relativistic energies can be made in many instances by 
separating the entrained and emitted fields. Fields in intense relativis- 
tic curvilinear streams can be computed by netpoint methods and using a 
moving system of coordinates. The authors thank V. M. LOPUKHIN and 

A. N. SANDALOV for productive discussion of the work. Figures 4; 
references 16: 14 Russian; 2 Western. 
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MODELS OF DIGITAL PHASE-LOCKED SYSTEMS 
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BELYKH, V. N. 


[Abetract] Mathematical models are constructed for digital phase-locked 
systems with phase control for the case of binary quantization. Binary 
quantization is performed by a limiter and phase control by an ny~-fold 
divider and a device for adding and eliminating pulser from a train of 
frequency f,,. Digital phase-locked systems are divided into two kinds: 
System I is used for radio signals and has a mixer and filter; system II 
is used for radio and video signals and does not employ a mixer and filter. 
The digital section of both systems contains a digitizer and limiter; an 
averaging filter contained in a proportional loop which shapes output 
pulses in keeping with a specific algorithm; an integrating loop con- 
taining an averaging filter; an adder-integator; and a code-frequency 
converter. The input signal mixed with the noise is represented in the 
form u,(t) = As(,) +0 (t), where A and g are the amplitude and form of 
the signal, respectively, t (t) is 4 additive noisg, and the wy of 
the signal, ¢,, has the form g(t) = ¢, +27f_t + vot 3), where v 
corresponds to a linear frequefcy mod fostion Signal. The phase of 
two-level output signal, ¢,(t), is “cana a piecewise linear function 
with steps equal to 4 = 29/ng at the moments of arrival of control pulses 
from the output of the averaging filter contained in the proportional 
loop. The change in state of the system is discussed at moments of 
digitization, t,, which are determined variously for differert types of 
digital phase detectors, the role of which here is played by the digitizer 
and limiter as the quantizing element and the averaging filter in the 
proportional loop as the adding element. Two methods of digitization 

are discussed: one producing a delta characteristic for the digital phase 
detector, designated as the T-case, and one producing a Rayleigh char- 
acteristic, called the R-case. The process of phase detection is des- 
cribed for systems I and II for different methods of digitization. The 
models are presented in the form of difference equations in terms of the 
mismatch and denumerable coordinates of the system's digital elements. 
The phase detection process for systems I and II with different methods 
of digitization is discussed in terms of Dy, a function characterizing 
pulses in the input of the averaging filter in the proportional loop, 
which take on values of + 1. The difference equation models derived are 
simplified to obtain pulsed and continuous analogs. Discrete models in 
the absence of noise are discussed, in which the steady-state discrete 
trajectories determining the mode of synchronism depend on the initial 
conditions and parameters, are periodic of quasi-periodic, and form 
continuums which fill in regions of positive dimension in the phase space. 
Stochastic models are discussed, when the digitization period is con- 
siderably longer than the period for correlation of = (t), when samples 
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can be considered independent and the theory of discrete Markov processes 
can be employed for investigation. Here the difference equations are re- 
duced to a system of functional difference equations in terms of the vector 
of two-dimensional probability densities in discrete states. A graphic 
illustration is given of the dependence of the root-mean-square deviatior. 
in phase on the signal-to-noise ratio with specific parameters for the 
case of g(¢) = sin @ and normal noise, as well as the form of steady- 
etate density with not too high noise. Examples are given of investiga- 
tion of the dynamic anc static properties of a system on the basis of the 
models described. Fisures 4; references 20: 18 Russian; 2 Western. 
[97-8831] 
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[Abstract] A resistive network is designed which provides a constant 
positive bias to a mixer so as to lower the heterodyne power and not to 
make the standing-wave ratio more dependent on the heterodyne voltage. 
The two resistances, one in series and one in a long shunt, are calcu- 
lated approximately for a wideband mixer (load at mirror frequency equal 
to load at signal frequency) built on Schottky diodes and operating with 
heterodyne voltages not higher than the barrier potential. In a real 
mixer designed accordingly, the standing-wave ratio is found to remain 
constant over the power range where conventionally, with a stabilized 
bias current, it would increase. Figures 2; references 2: Western. 
[156-2415] 
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BORISOV, E. V. 


[Abstract] An algorithm of estimating the parameters of an object in 
motion from several successive measurements is shown which applies, 
specifically, to motion of an object along a piecewise constant-velocity 
trajectory. Based on the principle of maximum likelihood, it yields the 
optimum estimators of distance and velocity with dispersions which are 
inversely proportional to the number of measurements. Figures 1; 
references 1: Russian. 
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[Abstract] Voltage stabilizers built with K142EN1] and K142EN2 micro- 
circuits have, in terms of miniaturization, excellent size and weight 
characteristics. Here their performance is evaluated on the basis of 
design relations and experimental data. The performance indicators in- 
clude maximum load current, minimum and maximum input voltage, and maximum 
allowable power dissipation. These voltage stabilizers can be made to 
operate under loads higher than nominal, by external coupling to power 
transistor states with either a common or a separate primary voltage 
supply. They can also be designed to drop a load partially or completely 
without an excessive rise of the input voltage. Figures 5; references 2: 
Russian. 
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[Abetract] In the designing of optical equipment for the optical correla- 
tion of complex radio signals, a difficult problem is that of producing 
reference masks whose transmission function will be proportional to an 
amplitude copy of the reference signal. A transmission characteristic 
must be formed for the stereo carrier frequency of the radio signal to be 
processed. The fact that accuracy must be very high in reproducing the 
period of the stereo frequency of the incom’ng signal on the photographic 
transparency complicates the process of pre ucing reference masks and 
restricts the broadbandness of signals which can be processed in optical 
correlators. Here a method is proposed for increasing the broadbandness 
and simplifying the implementation of optical correlators for complex 
phase-manipulated signals. The method is based on the use of reference 
masks on which its code sequence is recorded instead of the reference 
phase-manipulated signal. The advantage of this method is the fact that 
the size of the smallest element of the coded transparency is determined 
not by the period of the carrier frequency of the phase-manipulated 
signal, 24 /w), where %p is the angular carrier frequency of the signal, 
as is the case with a traditional reference mask, but by the duration of 
an elementary character of the code sequence, Ty, 77 27 /#p). A functional 
diagram is shown of an optical correlator with coded transparencies, 

which consists of two ultrasonic light modulators which receive the in- 
coming signal. The signal passes through the light modulators to the 
coded transparencies, and through these to converting lenses which are 
focused onto photodetectors. In one channel the signal from the photo- 
detector passes through a phasing circuit to a linear summing device, 

and in the other it passes directly to the linear summing device. 
Equations are given for the distribution of light formed in the rear 

focal plane of the converting lens when the ultrasonic light modulator 

is exposed to coherent light. Equations are given for the distribution 
of complex amplitudes of the light in the region of the fundamental 
frequency of the spectral decomposition of the incoming signal. Also 
given are equations for the electrical signals in the outputs .of the 
photodetectors, operating in the heterodyne detection mode. The resulting 
output signal of the optical correlator is formed by the phasing circuit 
and the linear summing device. It is shown that the output signal of 

the linear summing device is proportional to the correlation function of 
the incoming and reference signals. It is demonstrated that in an optical 
correlator with coded transparencies and heterodyne detection an algorithm 
is realized for optimal coherent filtering of complex phase-manipulated 
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signals which makes possible the best separation and resolution of 
signals against a background of fluctuation noise. The design of an 
optical correlator of this type can be simplified in addition by means 
of the direct detection of optical signals. With this method, when signals 
are received against a background of fluctuation noise, the worsening of 
noise rejection originating from departure from the optimal coherent 
algorithm for processing the entire signal is quite insignificant and is 
totally acceptable in practice. An experimental test was made of the 
method suggested. It was demonstrated that with an increase in the period 
of the code sequence the degree of the difference of the correlator's 
output signal from the square of the aperiodic auto-correlation function 
3 oy substantially. Figures 1; references 5: 3 Russian; 2 Western. 
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[Abstract] In finding the direction of sources of random fields whose 
parameters are unknown at the receiving point, the bearing is usually 
read with reference to the mean direction finding characteristic in terms 
of the set of three-dimensional realizations of the field and noise. 

A priori indefiniteness regarding field parameters results in indefinite- 
ness in selection of the direction finding characteristic of the measur- 
ing system. The algorithm for the system's operation is then constructed 
either on the basis of the adaptive Bayes approach or by using iteration 
methods of stochastic approximation. The use of iteration methods makes 
possible asymptotic convergence of the estimate with the true value of 
the parameter over a sufficiently broad range. A theoretical discussion 
is given of the application of iteration methods of stochastic approxima- 
tion for four types of goniometric systems: AA, AF, FF and FA, where 
the first letter designates the type of receiving antenna and the second 
type of measuring system, where A stands for amplitude and F for phase. 
The measuring system's output voltage is designated by the random magni- 
tude e, the distribution function of which, F(e / O), depends on parameter 
8,. Unknown is regression function R(0), representing the mean direction 
£Ynding characteristic, where @(6) = R(@). The form of function F(e/@) 
and thus of R(®) is determined by the properties of the field and noise 
and by the method of direction finding, i.e., the method of converting 
the signal and noise in the direction finder. The direction finder's 
antenna system performs rapid azimuthal scanning and is controlled from 
results of measuring the output voltage, e(@,), whereby at the next 
(n+1)-th step it occupies an angular position of 6 . An estimate of 
the bearing, 9*, is found by solving the equation Rts) - by means of 
the equation 6.,, = 6, + a,(@- e(@,)], where 4 = const. The conditions 
are written for the convergence of sequence 6, with the true value 85 
with n+ #@. This procedure represents a solution to the non-parametric 
problem of finding constant parameter 8). For the purpose of testing the 
conditions for conversion, the parameters of the received field and noise 
are made specific. Equations are derived for the first two moments of 
the output voltage of measuring systems for the case of random values 

of the field co.erence parameter, for an amplitude-type measuring system 
with linear and logarithmic processing, and for a phase-type of measuring 
system. It is demonstrated that the regression functions for all types 
of systems and kinds of processing satisfy convergence conditions, i.e., 
approach the direction finding characteristics of systems under regular 
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conditions, i.e., in the absence of a scattered field component and of 
noise. R(®,)) = 0 for FF and AF systems and AA and FA systems with 
logarithaic’ processing over the entire range of variation of field para- 
meters and noise. For AA and FA systems in linear processing, the value 
of R(00) depends substantially on the properties of the field and noise. 
The variance in fluctuations of the output voltage of the measuring 
system is minimal at point ® = 6), all other things being equal. In 
employing the algorithm suggested above in FF and AF systems, as well as 
in the AA and FA systems with logarithmic processing, it is necessary to 
aseume that *= 0. It is not feasible to employ this algorithm in AA and 
FA systems with linear processing. A modified algorithm is suggested, in 
the form of 0,4) = 9, + a, sign [as published] (6,). This algorithm is 
recommended for use in FF and AF phase measuring systens and in AA and 
FA amplitude measuring systems and logarithmic processing systems in the 
reception of scattered fields alone. References 14: 10 Russian; 4 Western. 
(97-8831) 
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KOVALENKO, L. N., KRASNYY, L. G. and SKRIPKA, N. I. 


[Abstract] Detection of simple and complex signals is considered when 
they appear with only fluctuation but also reverberation interference, 
namely with echo signals subject to a Doppler-effect frequency shift. 

The optimum receiver-correlator in each case is described by an appropri- 
ate con olution integral and its interference immunity is defined in 
terms of the signal-to-noise ratio at the output. In the case of a signal 
with linear frequency modulation, a comparison between a nonoptimum receiver 
which does not take care of reverberation and an optimum one which does 
indicates a relatively small improvement in interference immunity which 
is significant only and does not exceed 3 dB for simple signals and small 
Doppler shifts. In radar, therefore, it is sometimes most expedient to 
use either tone signals or complex signals with nonoptimal correlators 

or matched filters disregarding reverberation. Figures 2; references 3: 
Russian. 1 Western (translated). 
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KUZ"MINA, YE. K. and MIKHAYLITSKIY, V. P. 


[Abstract] The problem is discussed of estimating the amplitude of the 
reflected signal and angular coordinates of a non-fluctuating target from 
data delivered to a pulsed surveillance radar station with adaptive 
sequential detection when operating with Gaussian noise of varying 
intensity. It is assumed that in surveillance the directivity diagram 

of the antenna moves along two angular coordinates & and # discretely 

in steps equaling 49% and 4@, and has a half-power width of @¢ and 

@g in planes ¢€ and # respectively. The target is detected in each 
direction independently from an incoherent packet of n pulses whose number 
is determined by the adaptive sequential procedure. The problem of mea- 
suring target parameters is considerably complicated when the noise is of 
a non-steady~state nature, when its intensity can vary over the period of 
a single echo. An adaptive sequential detector utilizes an estimate, O ,;, 
produced in the receiver, of the intensity of the noise, %, for fhe 
purpose of computing a generalized plausibility relation, 24(vy, o,), 
when detecting in the direction sounded an i-th reading of the voltage, 
vy, in the receiver's output. In detecting a target in a number of 
eljecent directions it is possible to estimate angular coordinates and 
the amplitude by weighing individual estimates of amplitudes computed by 
taking into account the current estimate of the noise, &,. Here key 
calculation algorithms are presented and an analysis is made of the accuracy 
of individual estimates of amplitudes and of estimates of angular coordi- 
nates and amplitudes for a unidimensional packet of signals obtained ia 

a number of adjacent sounding directions, and of estimates of angular 
coordinates and amplitudes for a two-dimensional packet of signals formed 
with a radar antenna's directivity diagram scanning in two orthogonal 
planes. Adaptive algorithms are arrived at for estimating the amplitude 
and angular coordinates which makes it possible to smooth out unequally 
accurate readings of the received signal while taking into account an 
estimate of the dispersion of the noise computed in the detector. Mathe- 
matical modeling is employed to estimate the accuracy of the algorithms. 
Accuracy in the estimation of signal parameters is maintained by regula- 
tion of the size of the pulse packet, which is accomplished by the acaptive 
sequential detector, and by adaptation of the algorithms for estimating 
parameters to the intensity of the noise. The authors thank B. A. POZANOV 
and I. B. VLASOV for helpful discussion of the material of the work. 
Figures 6; references 4: Russian. 
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SAFRONOVA, O. I. 


[Abstract] Joule-effect heating is considered in a semiconductor when 

a nonuniform steady-state longitudinal temperature profile or a thermal 
domain forms. The stability threshold of a thermal domain relative to 
vanishingly small perturbations is established and compared to that of 

a uniform steady-state longitudinal temperature profile. Calculations 
are based on the equation of heat conduction and the relation between 
electric field and temperature field parameters. The current-voltage 
characteristic of a semiconductor with a thermal domain is also calcu’a- 
ted accordingly, and found to follow an N-curve with possible transitions 
producing a hysteresis loop. The author thanks V. M. YELEONSKIY for dis- 
cussion of the results of the work and for valuable comments. Figures 6; 
references 6: 5 Russian; 1 Western. 
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[Abstract] Auger recombination of one electron with two holes has been 
discovered in highly doped and weakly excited p-type silicon, and found 
to be as intensive within the 77-400 K temperature range as recombination 
of two electrons with one hole. This is explained by a lower activation 
energy in the 24 equivalent to < 110 > directions in the k-space. The 
activation energy is calculated from the laws of energy and quasi- 
momentum conservation, representing an isoenergetic surface of heavy holes 
in the valence subband as ellipsoids and taking into account nonparabolic 
dispersion in these <110> directions. Calculations yield an activation 
energy ranging from 25 to 125 meV and, based on a more accurate linear 
dieversion, its actual value would be equal to the average of 75 meV. 

* 23 tables 1; references 7: 1 Russian; 6 Western. 
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KARPOVA, I. V. and SABLIKOV, V. A., Institute of Radio Engineering and 
Electronics, USSR Academy of Sciences, Moscow 


[Abstract] Excitation and the kinetics of fast recombination waves are 
analyzed. the results indicating a convective nature of instability and 

an amplification of density fluctuations by a spatial redistribution of 
charge carrier concentration. Theoretically this is demonstrated by con- 
sidering the drift of a plasma density jump which has been injected at the 
boundary of a semiinfiuitely long medium with a subsequently maintained 
constant excess hole concentration at that boundary. The conclusions have 
been confirmed experiventally, allowing for discrepancies due to a measure- 
ment time much longer than the lifetime of charges. Tests were performed 
in a medium with a nearly intrinsic carrier concentration, an electron 
entrapment rate of 1.5°109 s~! and a hole entrapment rate of 5+104 71, 
Agreement with theory is closest assuming an electron concentration of 
3.1013 cm-3 and a hole concentration of 2. 3+104 em~3, a wave front with 

a velocity of 1.5°10" cm/s reaching the probe within 4. 1070 s. The 
authors thank V. B. SANDOMIRSKIY for discussion of the work. Figures 3; 
references 5: Russian. 
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[Abstract] Spatial redistribution by a quantizing magnetic field of 
electrons in a semiconductor is considered where the electrons have 
different spin directions and a mobility anisotropy. The anisotropy is 
due to the Hall effect and to the dependence of the density of electron 
states on the direction of the spin. On the basis of the equation for 
the excess concentration and on InSb with large Shubnikov - de Haas 
oscillations as a model, the effect of nonequilibrium spin polarization 
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of conduction electrons on the absorption signal at electron-paramagnetic 
resonance is demonstrated in the case where epin-lattice relaxation occurs 
within different lengths of time at different boundaries of the semi- 
conductor specimen. In a matched magnetic field, accordingly, an electric 
field will intensify that absorption signal. Thies effect is strongest 

in the case of a spatially slow spin relaxation and also a slow momentum 
relaxation. References 8: 5 Russian; 3 Western. 
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Moscow State University imeni M. V. Lomonosov 


[Abstract] An experimental study was made of gallium nitride as a cathodo- 
luminescent material, without doping and thus with an unmeasurable impurity 
content. Specimens for this study were grown epitaxially on (0001)- 
oriented sapphire by the standard chloride-hydride process at 1050°C at 

a rate of 0.5-1 ym/min. Cathodoluminescence was excited at temperatures 
from 8 to 300 K by an electron beam accelerated to 10-40 keV energy levels 
from an glectren gun operating in the pulse mode (current density 0.03- 

0.5 A/com*, pulses of 0.4 ys duration at a 200 Hz repetition rate). 
Measurements were made with instrumentation consisting of a photoelectron 
multiplier as the radiation receiver, a monochromator-spectrometer, a 
synchronous detector and an automatic recording device. The results con- 
firm the exiton nature of radiation lines at the short-wave edge at helium 
temperatures, but do not explain the nature of donor and acceptor states 

in gallium nitride. They suggest the existence, beside the fine donor 
state with 17 meV ionization energy, of a donor level with a 110 meV 
ionization energy yielding intensive radiation with a 3.39 eV peak at 

8 K and also of an acceptor center 200 meV above the valence band yielding 
radiation within the 3.30 eV band. Figures 3; references 16: 3 Russian; 
13 Western. 
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[Abstract] A study was made of galvanomagnetic effects in the impurity 

zone of p-GaAs semiconductors. Film epecimens were either grown epitaxially 
from the liquid phase or cut from bulky single crystals, then doped with 
zinc. Subsequently the Hall mobility of charge carriers ir the impurity 
zone was measured as a function of the temperature from 4 to 400 K, of the 
acceptor concentration, and of the degree of compensation. The experimental 
resulte differ somewhat from theoretical calculations based on a 4-form 
scattering potential, probably because real semiconductors have a close 

to a shielded Coulomb potential and because the calculated degree of compen- 
sation does not depend on the form of the potential when the scattering 

is weak. Figures 3; tables 1; references 11: 7 Russian; 4 Western. 
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[Abstract] In connection with hologram recording by light-sensitive 
etching of semiconductors, the effect of nonuniform illumination of the 
semiconductor surface near strong electric fields on the iistribution of 
excess minority charge carriers is considered with both diffusion and 
self-induced drift taken into account. The space-charge region is assumed 
to absorb the entire luminous flux. The analysis, based on the differential 
equation of continuity, applies to photochemical as well as photoanodic 
etching. The light-modulation index is determined from the solution to 

this equation, linearized under simp] ‘fying assumptions, as a function of 


49 














certain semiconductor and electrolyte properties. Higher spatial fre- 
quencies are found to be attainable on a more strongly doped semiconductor, 
with more depletion bending of the surface bands, and with faster electro- 
chemical recombination. The maximum frequency is thus determined by the 
concentration of majority charge carriers and by the width of the space- 
charge region, which explains the poor photo-chemical etching of com- 
pensated high-resistivity gallium arsenide. At high values of the modula- 
tion index the theoretical dependence of the latter on the spatial frequency 
departs from the experimental curve, because of the error of calculations 
in this range, while in the range of high spatial frequencies the experi- 
mental curve has a tail where the modulation index is low but remains 
constant. Figures 2; references 8: 5 Russian; 2 Western. 
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ACTIVATION ENERGY OF HOPPING CONDUCTION IN WEAKLY DOPED SEMICONDUCTORS 


Leningrad FIZIKA I TEKHNIKA POLUPROVODNIKOV in Russian Vol 13 No 1l, 
Nov 79 pp 2192-2209 manuscript received 14 May 79 


NGUEN VAN LIEN, SHKLOVSKIY, B. I. amd EFROS, A. L., Physicotechnical 
Institute imeni A. F. loffe, USSR Academy of Sciences, Leningrad 


[Abstract] The temperature dependence of electrical resistivity in a 
weakly donor-doped semiconductor at very high temperatures, at which 
conduction hopping over neighboring impurities takes place, is analyzed 
and the activation energy of this hopping conduction is calculated with 
the aid of an already available computer program dealing with the structure 
of the impurity zone over a wide range of compensation. The calculations 
involve determining the breakaway threshold according to the boundedness 
criterion, using the data for a large cube with given donor and acceptor 
coordinates at temperature T=0. In the range of higher temperatures the 
activation energy drops fast with decreasing temperature, which is ex- 
plained by the theory of perturbations but cannot be confirmed experiment- 
ally because of the shunting effect of the conductance of free electrons. 
The activation energy levels at lower temperatures, remaining constant 

at a low value, which can be confirmed experimentally. Taking into 
account electron-electron correlations yields a close agreement with 
experimental data at compensation levels up to K= 0.7, but at higher 
compensation levels the discrepancy widens because the resistivity also 
increases. Figures 5; references 12: 5 Russian; 7 Western. 
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EFFICIENCY OF ELECTROLUMINESCENCE IN P-N JUNCTIONS OF GALLIUM ARSENIDE 
DOPED WITH SILICON 


Leningrad FIZIKA I TEKHNIKA POLUPROVODNIKOV in Russian Vol 13 No ll, 
Nov 79 pp 2227-2232 manuscript received 21 Jul 78; finally edited, 
13 Jun 79 


BASKIN, E. M., VINKE, A. L., LIKENKER, B. S. and SIDOROV, V. G., Vologod- 
skiy Polytechnic Institute 


[Abstract] A study of GaAs <Si> light-emitting diodes and the dependence 
of the external quantum yield of electroluminescence on the silicon con- 
centration in the solution-melt reveal an important role played by 
fluctuations of the impurity potential in the process of radiative re- 
combination. The quantum yield first increases with increasing silicon 
concentration, because spontaneous absorption decreases exponentially 

at energy levels lower.than the energy gap, and then decreases after 
peaking at an optimum silicon concentration because of several possible 
factors. Here the effect of potential fluctuations on the mechanism of 
energy loss is analyzed, assuming that such fluctuations are optimum and 
that the p-region emits radiation. Into account are taken the temperature 
dependence of emission and thermally facilitated tunneling, shown both 
theoretically and experimentally to have a decisive effect on the re- 
combination process. This process and thus the peak as well as the half- 
width of the emission line, and also the speed of a light-emitting diode, 
can be controlled by independently changing the amplitude and the char- 
acteristic radius of the impurity potential through varying the dopant 
concentration, the compensation level, or the temperature. The effect of 
nonradiative recombination in GaAs <Si> diodes on the quantum yield must 
be further studied. Figures 5; references 11: 10 Russian; 1 Western. 
[133-2415] 








USSR UDC 621.315.592 
n-Si-p-GaSe HETEROJUNCTIONS 
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Nov 79 pp 2237-2239 manuscript received 26 Jun 79 


KYAZYM-ZADE, A. G., DZHAFAROV, D. KH. and TAGIROV, V. I., Azerbaijan State 
University imeni S. M. Kirov, Baku 


[Abstract] Heterojunctions n-Si-p-GaSe were produced by the method of 
direct optical contact at 300 K, using phogphorous doped n-Si single 
crystals (carrier concentration ~ 10 cm™”) and p-GaSe single crystals 
(carrier concentration ~ 1014 cm-4). With metallic indium used for 
contact tabs, current-voltage and capacitance-voltage characteristics of 
these n-Si-p-GaSe heterojunctions were measured also at 300 K. The trend 
of the current-voltage characteristic, linear in the forward range above 
0.80 V and parabolic in the reverse range above 1.2 V, indicates the 
typical behavior of a diode. With increasing forward bias, the differential 
resistance of such a heterojunction approaches the resistance of its GaSe 
layer. Breakdown of the junction occurs at a reverse bias of 6-10 V. 

The high current transfer ratio 6 is attributable to the voltage drop 
across the dielectric gap between contacting surfaces and the usually 
15-20 & thick $10, film building up on the silicon surface. The trend 

of the capacitance-voltage characteristic, C™* = f(V) being linear and 
C#0 at Ve -1.05 V, indicates an ideally sharp junction. The energy band 
structure was determined on the basis of "bulk" parameters, the flexure of 
energy bands at the free surface of contacting materials having been 
measured by the method of saturated surface photo-emf and the diagram 
revealing typical spikes in the valence band. The results of this study 
suggest thermal emission as the principal mechanism of current passage. 
The authors thank A. YA. BUL' for discussions with valuable comments 

and V. I. FEDOROV for making it possible to determine the amount of surface 
flexure of energy bands. Figures 3; references 8: 5 Russian; 3 Western. 
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THERMAL QUENCHING OF LUMINESCENCE IN GLASSY CHALCOGENIDE SEMICONDUCTORS 


Leningrad FIZIKA I TEKHNIKA POLUPROVODNIKOV in Russian Vol 13 No ll, 
Nov 79 pp 2246-2248 manuscript received 23 Mar 79 


STYS, L YE. and FOYGEL', M. G., Scientific Research Institute of Physics 
at the Odessa State University imeni 1. I. Mechnikov, Odessa 


[Abstract] In a study concerning the nature of electron states in the 
forbidden band of glassy chalcogenide semiconductors, the temperature 
dependence of the luminescence quantum yield is examined and found to be 
determined by nonradiative transitions on recombination centers. This 
temperature dependence, exponential over the 20-200 K range and heretofore 
attributed to large-scale fluctuations of internal electric fields, is 
here interpreted in terms of the relation 4 (= phey—ery (P,. denoting 


the probability of almost temperature-independent radiative recombination 
and P,,, denoting the probability of concurrent temperature-dependent non- 
radiative transition). A nonradiative transition from a metastable state 
to a ground state occurs by tunneling only at low temperatures, by some 
thermal excitation with subsequent less tunneling at intermediate tempera- 
tures, or by thermal activation without tunneling at high temperatures. 

An analysis of nonradiative transition, in the quasi-classical approxima- 
tion, reveals a distinct role of small-scale fluctuations of recombination- 
center parameters. The results indicate, furthermore, a nonactivational 
quenching of luminescence in these semiconductors over a rather wide 
temperature range. The authors thank S. D. BARANOVSKIY, V. A. VASIL'YEV, 
B. I. SHKLOVSKIY and A. L. EFROS for discussing the results of this study. 
Figures 1; references 7: 2 Russian; 5 Western. 
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SUBMILLIMETER PHOTOCONDUCTION IN n-InSb AT 4.2-77 K TEMPERATURES 


Leningrad FIZIKA I TEKHNIKA POLUPROVODNIKOV in Ruseian Vol 13 No ll, 
Nov 79 pp 2256-2259 manuscript received 27 Apr 79 


FILONOVICH, S. R., Moscow State Pedagogical Institute imeni V. I. Lenin 


[Abetract] Photoconduction in n-InSb with nearly full compensation is 
examined over the temperature range from liquid helium (4.2 K) to liquid 
nitrogen (77 K), in terms of the temperature dependence of power-voltage 
sersitivity. At the low end of this range photons stimulate hopping photo 
conuuction near the Fermi level along with static conduction. At higher 
temperatures free electrons facilitate mobility-photoconduction. As the 
temperature increases over this range, therefore, the power-voltage 
sensitivity decreases first slowly and then fast. While at 4.2 K the 
sensitivity is by almost one order of magnitude higher at the A= 1 mm 
wavelength than at the A = 8 mm wavelength, at 77 K the sensitivity is 
almost the same at both wavelengths and reaches 1 V/W. The temperature 
dependence of the mobility of free electrons, characteristic of highly 
compensated materials, confirms the contribution of free electrons to 
photoconduction at higher temperatures due to changes in their mobility 
caused by electro-magnetic radiation. The author thanks YE. M. GERSHENZON 
and L. B. LITVAKGORSKAYA for the discussion. Figures 2; references 9: 

8 Russian; 1 Western. 
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STRONG FRANCK-CONDON SHIFT OF A DEEP CENTER IN GaAs <0> 


Leningrad FIZIKA I TEKHNIKA POLUPROVODNIKOV in Russian Vol 13 No ll, 
Nov 79 pp 2270-2272 manuscript received 17 May 79 


MALINAUSKAS, R. A., PERVOVA, L. YA. and FISTUL', V. I., State Scientific 
Research and Planning Institute of the Rare Metals Industry 


[Abstract] A study of GaAs crystals containing oxygen was made by simul- 
taneous optical and thermal excitation of impurity centers. The n-GaAs 
specimens doped with oxygen had gn elgctrical resistivity of 2/1..cm, 

a carrier concentration of 6°1014 cm~? and a carrier mobility of 5.5 ° 103 
em*/V.s at 300 K. The photoconduction spectrum at 77 K reveals in the 
AwW>0.4 eV range two plateaus caused by photoionization of centers with 
transition of electrons to the conduction band, corresponding to E,-0.42 
eV and E.-0.7 eV respectively, and in the AW<0.4 eV range of resonance 
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band with a half-width of 0.060 eV. Hall-effect measurements yield E,-0.18 
eV and E,-0.42 eV, although no impurity photoconduction center correspond- 
ing to E.-0,18 eV appears in the photoconduction spectrum, which indicates 
that both readings correspond to the same center with a strong Franck- 
Condon shift of 0.24 eV. The luminance-current characteristic of impurity 
photoconduction of Aw = 0.52 and 0.75 eV indicate, furthermore, that the 
0.7 eV level is filled completely and the 0.42 eV level is filled partly. 
The authors thank E. M. OMEL'YANOVSKIY, YU. YA. TKACH and YE. V. CHENSKIY 
for the interest and many helpful comments, as well as 0. G. STOLYAROV 

for supplying the specimens. Figures 3; references 7: Western. 
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Nov 79 pp 2144-2152 manuscript received 23 Nov 78; finally edited 
16 Apr 79 


ABRAMOV, A. A. and FATTAKHDINOV, A. U., Moscow Institute of Electronic 
Engineer ing 


[Abstract] A further contribution is made to the theory of the magnetodiode 
by consideration of a rectangular semiconductor slab with hole injection 
at one end and electron injection at the other, in a transverse external 
magnetic field. Assuming negligible diffusion processes at the injection 
contacts, assuming diffusion currents currents to be negligible in com- 
parison with drift currents, and disregarding the intrinsic magnetic 

field caused by diode currents, the current-voltage characteristics of 

such a device are calculated from the fundamental two-dimensional equations 
for electron concentration and electric field distributions in the case 

of weakly injecting contacts as well as in the cases of weak and strong 
electric fields respectively. The theoretical current-voltage characteris- 
tics and also current-induction characteristics, with the induction either 
positive or negative, are compared with experimental curves. The fair 
agreement of results confirms the validity of the drift approximation in 
the case of long diodes and the high sensitivity of the magnetodiode 

effect to the rate of surface recombination. Figures 3; references 10: 

5 Russian; 5 Western (1 in translation). 
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NATURE OF THE CURRENT MAGNETOSENSITIVITY OF 2-COLLECTOR PLANAR MAGNETO- 
TRANSISTORS 


Leningrad FIZIKA I TEKHNIKA POLUPROVODNIKOV in Russian Vol 13 No ll, 
Nov 79 pp 2160-2163 manuscript received 17 Apr 79 


KOZLOV, D. M., REKALOVA, G. I., MITNIKOVA, I. M., TAIROVA, D. A. and 
SHAKHOV, A. A. Leningrad Institute of Electrical Engineering imeni 
V. I. UL" yanov (Lenin) 


[Abstract] In real 2-collector planar silicon magnetotransistors the 
current is sensitive not only to the transverse component of magnetic 
induction, according to the Sula-Shockley effect, but also to its tangential 
component. Here an experimental study was made in order to determine the 
relation between the drift component and the diffusion component of 
magnetosensitivity. Specimens of magnetotransistors were built on KEF-10 
base material with a 40x40 ym emitter p*-region, two 150x50 ym collector 
pt-regions, all p-n junctions at a 2.5 um depth, and the distance between 
both collectors varied from 50 to 150 wm. The change of collector current 
was measured as a function of the magnetic induction with the vector of 
the latter oriented transversely and the relation found to be a linear 
one. The change of collector current was also measured and found to vary 
sinusoidally with the orientation angle of the magnetic induction vector 
rotating 360°. The magnetic induction was varied up to 0.5 T, the emitter 
current was varied up to 6 mA, the base current was varied up to 10 mA, 
and the collector-base voltage was held at 30 V. On the basis of the 
results, planar magnetotransistors have a magnetosensitivity much higher 
to the tangential component than to the normal component of magnetic 
induction. Figures 4; references 5: 4 Russian; 1 Western (translated). 
[133-2415] 
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